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Exercises on" page 263. 

' , 1 , Let X be^the missing term in each of the following pro- 
portions, then 

(i)8 7=16 s, whence 8a; *« 7X15, or a;=35 
(u)25 05=10 33, whence 10x=2 5x32, or a;=8 
(hi) 05 : ac^^bo : bc^, whence 6c3x=ac®x&c, or 

2 . In a proportion, the magnitudes compared must be of the 
same Tcxnd xn each ratio. 

The corrected statement wonld be- 

£ 65 • £25 = 78 ft.;30 ft. 

3 . Let a st line AB 9 6" long be 
divided xnte) nally at X in the ratio 5 7 
It IS required to find the lengths of AX and XB. 

SmQQAX.XB=5 7,:.AX+XB A'fi=5+7 7, or AB XB=12.7 
.. 12 XB—7 AB=7x2 6", whence XG=5 6" 
AX=AB-XB—d 6''-5 6"= 4" 
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A 

B 



4, Let a at line AB 4 5 cm 
long bo divided externally at 
X in the ratio 11 8 It is re- 
quired to find the lengths of AX and XB 

AX XB=11,%, AX-XB XB=n-8 8, or AB XB=3:8 
\ 3XB=8AB=8'X.4: 5 cm , wlience XB=12 cm. 

.* AX—AB+XB = 4:'5 cm +12 cm =16 5 cm. 

6. Let a st hue AB 6 i cm long be 
divided internally at X and externally 
at Y in the ratio 5.3 It is required to find the lengths of the 
segments 

Since AX XB^5.8, AX+XB.XB=5+S 8, oxAB XB=:8.8 
8 A’fi ” 3 = 3 X 6 4 cm , whence XB<^2 4 cm, 

*. AX—AB-XB^8 4 cm -2 4 cm -•4 cm 
Again since (4 K YB=5 3, .. AY~YB YB-5-8 3, or AB YB—2 3 
. 2)'5 = 3/?fl = 3x64cm, whence YB=8 G cm. 

. AY^=AB+YB=^ 4 cm +9 6 cm •»16cm 

(u) 

'* AB AX^AY 

6. See figure Ex. 3. 


Let a st line AB a" long be divided internally at X in the 
ratio m n Itisi cquired to show that the lengths of the seg- 
ments are rc’^pcclivcly — . a", and ■ — - — a" 

Hi+n »i+7i 
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Since AX XB=m n, AX-^XB XB=m+n.n, or AB XB=m+n n 
(m+ 7 i) XB—n AB-^na’, whence A'fi « a" 


AX^AB-XB-a- 


n 


m+n 


. o=i 


m 


m+n 


7. See figure Ex, 4. 

Let a sti hue AB a units long he divided externally at X 
in the ratio m,7i. It ts required to show that the lengths of the 

segments are respectively ® units, and — . a Units. 

Since AX XB—m n, . AX-XB XBr=.m-n.n, or AB XB=m~n.n 

(m-n) XB-=n AB =n a, whence XB >= — ,a units 

^ m~n 


AX^AB+XB=a-i — ~ «=— 7 ^.a units, 
m~n m~n 

8. Since a , b—x • y, and h . c—y . z 

By multiplying the two ratios we have 
a • c~x i z. 


8. Smce a .y, \ Inversely b • a—y x 

*. a+& ; a=x+y . x (alternendo) 

10. Let a, b, c bo three proportionals, then 

a . b=h . c. 

.• By multiplying these equal ratios we will get the 
square of one of them, that is 
a c = a^ :b\ 

11. Let AB and CD be two 
st lines divided internally in 
the same ratio at X and Y res- 
pectively. It IS required to show that (t ; ABJBx=GD,YD, and 
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CuJ/IB AX ^ CD GY 

Since AX XB=GYJD, . AX+XB XB=GY+YD:YD, 
or AB XB=GD YD 

Again since AX XB=GYiYD^ *. Inversely XB AX— YD GY 
XB+AX AX^YD+GY GY, or ABJX’^CD GY. 

12. Let a,b, c, d\iQ four st lines silch that ad = bc li ts 
required to prove that a b = cid. 

Dividing each side of the equation ad=bc by bd, ive have 
a b=c • d 

Exercises on page 268 . 

1, Upon a st line AB 3 5" long, draw a tri- 
angle ABG such that one of its sides >4(? = 4 5". 

Urom AB cul oS AX ’=2 1", then BX=AB-AX 
=3 5''-2 1"=1 i" 

Prom X draw XY pari to BG meeting AG 
in Y. Measure AY, GY and notice that AY=2 7" and CY=l 8“ 



, .AX, 
BX' 


. 2 * 1 . 

' 14 :' 


3 


.2 7. 
'l 8' 


£ 

2 


(u) 
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85 _ AG_4:5 

AX^2 1 ~S' AY~'2 7' 


^B_3 5_ 
XB~i2~-2i 


and 


AG 

yg' 


AX 

BX' 


AY 

~GY 


•i 

W ' 


18 If* 


AB 

AX' 


AY 


AB 

XB' 


AO 

-YG 


2. , See figure Ex. 1. 

hot ABG be^a triangle, and letA' J'be drawn .pari to BG 
cutting AB^tX and AG &t Y, then 
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AY’AG^AXJB [Th 60, 'cor], AB,AY=AG AX 

(i) liAB=3 G'\ AG = 2 4:", and AX = 2-1", then 
3 6 X AY=:2 4x21, whence AY= 1'4'' 

(u) If AB=2’', AC=1'5", and //= 9’ ; then 
2 X 9=1 5 X AX, whence AX = V2" 
BX=AB-AX=2"-1 2*'= 8' 

(ui) If X divides AB in the ratio 8 3, and if AG— 8 8cm 
then since AY YG=AX:XB—8 3 
.% AB YC =11:3, whence 11 YG=S/JG=26 4cm ; •.YG^2Acm. 
AY=AG--YG=8'8-2'4:^6 4: 'cm.- 

3 . Let ABG he a triangle, and let he drawn 
pari, to BG cutting the sides AB, AG produced 
at / and K respectively , then AY AG=AX AB 

[Th 60, cor] .,ABM=AG AX 

(i) If AB=4: 5cm. AG=3 5cm, and 

>4^=7 2cm, then 4*5x/IK=3 5X7 2 
AY =5 6cm ' 

(ii) If X divides AB externally in the ratio JL1.4, and 
if AG=4: 9cm , then YG:AY=XB AX=11 4 

AG AY=7:4:, whence 7AY=4:AG=ld 6cm.; •. AY=2 8cm 
9-j-2 8cm, = 7 7cm. 

4 . Let three parallel st lines AB, GD, ff he 
cut by two transversals PQ, XY m the pts 
A, G E and B, D, F as shown in the diagram 
It is required^ to proue that AG GE=BD.DF 

Join BE, cutting GD at G, then 
since CG IS pari to AB, 




, whence 


i/i 1 1 
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./IG GE=BG-GE ' ITh, GO 2 
Again since Z?G IB pari to EF, \ BG GE=BD.DF [Th 60] 
,\AO.CE=BD DF 

5. Let ABGD be a trapezium, and let f, F be^ 
the middle points of the oblique sides AB and 
CD respectively Join EF , then shall EF 
he pari to AD or BC 

For, if not, let £/bo pari to BG meeting BD, CD in the 

pfcs G and /. Then it can be proved as in Ei 4, that 
r AE:EB=DG BG=Df:/G 

But AE<=^, hence D fzfG 
The pt /coincides with F, and therefore £/ is 

6. Let ABGy DBG be two triangles on the same 
base BG and on the same side of it Take any 
pt £ in BG, and from £ draw lines pari to BA, 

BD meeting AG in F, and DG m 0, 

Join AD, FG, then shall FG be par! to AD 
Since EF IS pari, to AB, BE EC~AF FG 

Again since EG is pari to BD, .* BE EC~DG,GG 

.* AF,FGr^DG'GG 
FG IS pari to AD [ Converse of Th. 60 

7. Let be a triangle, and let a transversal 
DEF cut the sides BG, GA, AB m the pts, D, E, £ 

' respectively such that z AEF= L AFE It is 
, required to prove that BD GD=BFGE 

From A draw AG pari, to DE meeting BG in 6 



par] toBG 



[Th 60] 

}f 
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Smce AO is pari, to FD, BG,GD=BA.AFt [Th. 60] 

and BD.6D = BF AF componendo 

0 ) l.\AF>~AE 

Again smce AG is pari to DE, QD GD ^ AE OE [Th 60] .(iz) 
rrom (i) and (u) by multiplication we have BD.GD=BF.GE 

Exercises on page 259 

1, Let ABG be a triangle having 
0=1 5", h=^i4:", and ^=3 6", and Tet 
the internal and external bisectors of 
the L A meet BG at X and K. 

Measure BX, XG,BYi YGl, and notice that BX •- *9", AC* 6", 

BY=i'h\ and )'C=8 0" 

/. flA.CA= 9. •6=8;2, BYlYG=io 8-0=8 2, 

and 5AMC-8 6. 2-4 = 8.2 

/ 

.• BX.GX^BYYG=;zBA AG 

2. See figure Ex 1 

Let ABG be a triangle having a=8 5cm , 5=5 4cm , and c 
=7 2cm , and let the the internal and external bisectors of 
the L A meet BG at X and K. 

» 

MaaBuxe BX, XG, BY, YG , and notice that fiA=*2 0cm., 
AC=»1*5 cm, 5K=14'0cm, and KC=10 Scm 
By calculation since BX XG=BA AG [Th 6l]=7 2.5'4-4;3 
BX+CX CA=4+3. 3, or BG.GX-7 8 
.. 7CA=8SC=3 x3*5cm , or CA =1 5om. 

V BX "• BG-GX=^5 5-1 6=2cm. 
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Again because BY YG^BA AG [Th 61]=7 2 5*4=4 3 
,• BY-YG YGr^i-% 3, or BG YG=1 d) r YG=ZBG=10 5cm 
. . BY^BG+GY~^ 5cm +10 5cm =14cm 


3. (i) Let AB be a given sfc line. It is 
required to trisect it by means of Theor. 67 
Witb centres A, B and radii 1 and 2 units 
,of length respectively draw two arcs intersect- 
ing at C. Join AG, BG, and let the bisector of the lAGB 
meet AB at X 

Then AX BX=AG flC-l 2 [Th 61] .* BX~2AX. 
Bisect BX at Y ^ Then AB ib trisected at X and /. 



(ii) ft IS required to 
divide AG internally and ex- 
t ernally in the ratio S 2 



With centres A, G and radii 3 and 2 units of length res- 
pectively draw two arcs intersecting at B Join AB, GB , and 
let the internal and external bisectors of the L B meet AG at 
X and Y. 

Then AX GX—AB BG=3 2 [Th 61] 

alBo AY GY=AB BG — Z 2 „ 

. AXiGX=AY'GY=Z2 


\ AG IB divided internally at X and elitemally at Y in the 
ratio 3.2 


4. Let AD be a median of the aABG, and lot 
DE, DF the bisectors of the l s ADB, ADG meet 
the sides AB, AG An the pts. f and F respec- 
tively Joinff, then shall EF be par! to BG 






(Tb, Cl) 
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Since DE bisects the tADB^ /, AB EB—AOWB 
Again, since Z7Fbisccts the i ADGt AF FC=AD‘DC 

•^AD.OB (•/ DG=DB) 

AEEB~AFFC 

. fFis pari, to BG [ Converso of Th. 60 ] 

fe. Lot ABCO bo o quadrilatcrol, and lot the 
bisectors of the liA nud C meet at the pt £ 
m BD. Jom AG, and let the bisector of the 
iB meet AG in F. 

Join DF', then shall DF bisect the L ADG 

Since A£ bisects the i BAD, AB.AD=BEtED (Th Gl), 
also since GE bisects the i BGD, /. BG GD=BE LD „ 

AB AD=tBG CD, or alternately AB.BG^AD'GD 
since bisects tho lABO, AB Cf (Th. 61) 

.% AD CD~AF:GF 

F/? bisects tho lADG {Converse of Th 67) 
6. Let A8G bo a triangle, and let AD, CF 
the bisector of the 4 and G meet in 0 
Join BO, and produce it to meet AG m £. 

ThefShall BE bisect the l B 
Since -40 bisects tho lBAE, ’r-BA'AE’:* BO OE (Th 61,) 
also since GO bisects tho L BGE, /. BG GE—BO'OE „ 

A BA AE^BG GE, or alternately BA BG=AE:CE 

BE bisects the L B {Converse of Th 61) 
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‘ (u) Let ABG lao a triangla, and let the 
external bisectors - of the nB and (? meet 
at 0. Join AO, cntting BG at F. 

Then shall AO biseot the l BAG 
Since BO bisects the L DBF, 

.ABBF-AOOF (Th 61), 



also since GO bisects the- L FGE, .‘AG GF=A0 OF 
AB.BF=AG GF, or alternately AB AG ^^BF OF 
A F, ox AO bisects thej l BAG ( converse oj Th 61 ) 
7 . Let ABG be, a triangle and / its in-centre 
Join Al, Bl, Gl , and produce Al to meet BG at 
X ' Then shall Al fX-AB+AGlBG 
Since Gl bisects the l AGX, A! IX = AO OX 

- i-i t . ' . I -• • 

< (Th61)_ 

also since BI bisects the lABX, , A! IX— AB BX 



AC CX=AB BX 

■=AB-\-AC BX+GX (Prop V, p 251) 
:=^AB+AG BG . 


8 . Let 45C be any triangle on the 
given base BG and having BA AG=: 
m n It IS, required to find the 
focus of A 

Let the internal and external bisectors of the A meet 



BG and BG produced at f and F 


Then BE EG=BA AG^BF FG 


(Th. 61) 
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\ BG (fl fixed fib. hno) js dmdcd internBlly at£, and 
externally at Fm the samo ratio BA-AG, or tn‘n 

f and F are fixed points, and Uenco EF is of conetanb 
length. 

Again bocanso the Z (being an angle between the inter- 
nal and external bisectors of the Z /J ) is a ngbt angle.. 

*.* the locns of / is a circle on Ibo diaraotcr EF 


Note — ^This important locus is known as the Apollonian 
locus. 

9. Let BG bo the given base, m'n 
the ratio of the other sideBjB/,/}^, 
and X the given vortical angle 
ft Is required to construct the 
triangle. 



Upon BO describe a segment having an angle «« Z A. 
Thou A lies on the arc of this sigment. 

Again divide DO internally at £ and oxtornally at Fih tho 

same ratio m «, and on tho diamoter ££describo circle, then 
A lies on this circle ( p ^ 

. . tho pt. A where this circle cuts tho former arc is tho 
vortex of tho required triangle 

Join AB, AO. Then ABG is the required triangle. 

Note This-exerctee can also be easily proved by means 
of Theor, 62 as shown in EX. 9 {IV )P. 278, 
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Exercises on. page 262 . 

1 , Lob ABC bo a triangle, and lot /K be 
drawn pari to SO cutting AB at and AC 
Bty. Then, 

tlie I AXy=bhe alt. i ABC, and the lA/X 

=tho alb.'^jLAOB [Th. 14]. 

•, Tba third angles df the AX/, ABC arc also equal, 
and hence they are equiangular 
ABAX^AGAYl Th. 62 ], and AB AY=AC AX. 

( 1 ) If AB=2'5\ AG=2 0% AX=1 5"; then 
2 5X^K=2xl'6, whence AY—1’2" 

( u ) If AB-Z 5", AG=2 1% A r=l 2"; then . 

- ' 8 5Xl‘2=:2lX/4-^r, when/}/=:2' . 

(ill) If AB=4 ‘J cm , «=3 6 cm , AY=:6 6 cm , then 

4 2 X 6 6 « 3 6 X AG, whence AG— 7 7 cm. 

2. See figure Ex. 1. 

Smc8/}5/i;(=BC ArrCTh 62], ABXY=iAXBG. 

( 1 ) If >J5=2 4% BG=Z 6", >1/ - 1 4" } then 
2 4x.Yy=“ 1*4x3 6, whence >^'1'=2 1" 

(ii)Jf BG^7 7 cm , XY=b b cm., AX~4 b cm, then 
5 5 X >45=4 5x7 7, whence AB—Z 3 cm. 

I. Let ABC be a tnangle having o=3", 5=3 6", 

>=«4 2', and let a st line QR drawn pari to AG 

; r 

ueasure 8'. li is required to find QB, BR, 

As m Es 1, the QBR and ABG are oqui- 
ngular. 





( 13 ) 

QB AB - QRiAO, A QB AG-QR.AB, op 8-6 x (?fl=?S x 4*8 
Ako BR’M=QR*AG, BR AG:=^QR.BG, or 8-G xfi^ssS x8 




4. Lot ABC be a triangle having «=8 cm , 


6=7 cm , 6=10 era From AB ent off /P=« 


4 cm , dravr PQ pari, to BG. It ts required to 


find PQ and QG. 

B ^ : 

Since the as APQ, ABG are oqninngnlnr. 

' 


:.AP-AB~PQ BG, APBG*-AB.PQ, or 4x8=10xP^ 

.* P0«8-2cm.' ‘ ’ 

Also AQ'.AG-AP AB, .\AQ A‘B^=:^G.AP, or 10yAQ=7xi 
/. AQ=2'8 cm , and QG •" A C-^AQ =7-2'^ =:i' 2 cm 
6, Let the three sides '^<4, AC, CB of the triangle ABO 
represent the sides of the field measuring 800 yds., 800 yds., 
■and 400 yda.TrespcctivcIy 

^ Then 4f?*fif?=:350 400 =7:8, /. If BC-2 4*, AO=;^2 1* 
And 4fi.fiC=800.400 -3:4, If 5f?=2 4", /J5=l*8' 

6, See figure Ex . 1, 

Let ABC bo a triangle, find let bo pari, to BG. Then 
xf AX=:8h ft, ^)'«.8|- ft., /JK»6 ft. 2 in., and XB^mi^ ft , %t 
k required to find AB, BG and OA, 

AB"‘AX-hBX~8i ft.+4i ft=:l^| ft. 

Since the a« AXY, ABO are equiangular, 

AX:AB ^XY.BG, AX.BG-fiB XY, or SJ x BC-121 x 8f 

" /.BG=5fb, 

And A-XAB=AY,AG, AX JG=AB.AY, or 8Jx/l(?=I2|x6i 

AG=H ft. 
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' 7 . Let ABOhaa triangle right-angled ah G 
Take apt Pm >45, and draw PQ pari to AG 
Tyn if ^AG=:li". B6=Z\ PQ=l\ M ti re 
qtttred to find BQ, BP, and AP 

AB - JAG^^BG^ = Jll+9 =1^' 

16 4 

Smco the as PBQ, ABG are equiangular, 

>• BQiBG^PQ AG,'' AG BQ=BG.PQ,ox ^y.BQ=9\i, \BQrr^2’ 
and BP fiB--PQ AG, AG BP>^AB PQ, or |xPP=ij3 xi _ 
^ .PP-IS* 

>fP=/?fl-BP=^-l‘3«l 95” 

8. In a triangle ABG let AD he perp. to 
BG, and let PXQ he a et line pari to BG 
'tutting AB at P, AD at and AG &t Q 
Then if flG=9cm , AD •^Scm, PA=3cm, 

-it IS required to find P Q 

Since AX ~AD-DX =i8-d=5cm , and LsAPX, ABD arc 
equiangular AX'AD—PX BD. 

Again since the aiAQX, ABD are equiangular, 

.% AXAD=QX'GD 
' AX AD=PX'BD=QX GD 

PX+QX'BD-i-CD te PQ BG (Prop Y, p. 251 
. AX BG=AD PQ, otSxS^SxPQ, whence P^=5|^cni 

9 . Let ABG he a triangle having o=2cni, 

h=3 5cin., c—i 6cm , and let there he drawn 
two Bb lines BD, GE to the opp, sides inter- 
secting afP. Then if £P :PB=DP^.P 5=2,5, 
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It ia required to find ED, AD, and DC 

In the A sBPG, and EPD, because the sides about the qeual 
angles at P are given proportional. 

L PED”^ L BOP (Th G2), but those are alternate angles 
DE 18 pari BG (Th 13), end therefore the r^eADE, 
ABG &TO equiangular. 

Since the PED, BPG arc equiangular, 

DE BC—EP PG ‘=«2'5, . 5D£ « 25C=icm , / /)£<=.8cm 
Again since the /\8ADE, ABO arc equiangular, 

AD DE=AC BO. ..BG AD=AC DE, or 2AD-3 TjX 8 

/. AD—l'icm,, and D0—AG-AD=^^ 5-1 Icni 

•s 

Exercises on page 263 

1, Let /?,£bo the middle poihts -of the 
sides AB, AG oi the aABG 
It is required toproue that DF is pari to 
and half of BO 

Since AD AB^l'2z=:AF AO {Hypothesis) 

*. tho sides about the common lA oi 

are proportional, hciico they aro equiangular. ( Th G3 ) 

lADF’^ lABO, but these are alternate angles, 

DE i? pari, to BO ( Th 13 ) 

DF BO^AD ABz=zV2, ♦ DE^IBG 

2. I.et tho diagonals AG,BD of the trape- 
zium intersect at 0 It IS i squired to 
prove that OA'OG^OB OD. 

Since iDGA^tdt.LOAB, and jlCDB=^1\ 
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IDB^ (Th 14) 

• .% th® ttird angles 6f the At COD, are also oqnal, 
and hence they are equiangular 

' , .-.OA'QG^OB'OD (Th 62) - 

(u) If AB^WG, it IS required to show that 0 Is a 
point of triseotion on both diagonals 
Since the As GOD, AOB are equiangular 
OA OG=OB OD=JlBWG (Th. 62) 

But AB=2 DC, . . OA—2 DC, and OB=zWD 
A,0 pb of brisecbion of both AG, and BD. 

3. Let AX, AY, AZ be three trans- 
versals cut by two parallels at the pts 
P, Q, R and X, Y, Z respectively. It is 
required to prove that X Y YZ-PQ QR 

Bince the At APQ, AXY are equi- 
angular, 

\XY.PQ=AY.AQ{T!\i 62) 

Again since the as AQR, AYZ are equiangular, 

*. YZ QR=AY AQ {Th 62) 

XY PQ^YZ QR, or alternately XY YZ—PQ QR, 

4. Let a st. hue DE drawn from 
the angular point D ot a parlm. 

ABCD cut the side AB at £ and GB 
produced at F. It is required to 
prove that DA AE=FB BE=FO GD, 

Since that as AED, BEF&tq equiangnbar, 

/ DA FB^^AE BE [Th. 62], or alternately DA AE~=^FB Bt 
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Again sintro fcho FGD, FBE are ^«iangn:roTV 
.%Fp BF^QD^BE [Th. 62 ], or alternately fd GD^FB\EE 

DA.A£^FB>BE=^FG7Ga. 

6, Let D be any pQint in the side AG 
of the A ABG^ ftocl Jet £, F, E be the 
middle pts oi ABr DG, ABf BG respoefc- 
JTcIf It ir reqtHVtd to prjove iTnat EG=HF- 
.Join BZ>, then in the a ABD, since £, 
points of /ID' and AB, hence E6-=^^ BD [p^vccl m iiV i] 
Again in the a GBD, since F, If arc the middle points of 
'^Gp, and BG, hence ' BD {jyroved vn Ex. Ij 
.\EG = HF, 




E>r Let AB, GD be npy,fcwo parj^ st lines, 
and let £ be the m.iddlc point of GD, also 
hi AG, BE meet at F, and Af, £/? at D 
?oin FjQ, ‘then ii ^(S rfqif^red iq prove that FG 
^flrl ,fo AB. 

jt 

jS^cp4vD ,to,D£, hpncp ^ho- ns FAB, FOE are cqmnngnlat 
/,£f\EF=ABGE LTh.,62] 

^ABDB [/Df=DfJ 

Agam^since AB is pari. t 0 'D£, honed the Ae GAB,. 6DB nre 
eqpiasignlar.. ' ' 

. ' -.AGMEr^ABDElTh 62 J 
,% BFEF^ A G GF : and 'BF—EFEF^ AG^GEiGE. ‘ - 

Ke BE EF^AE.GEl’ aud ’lho' lAEB^LFBG 

snAEB, FEQkT& sitnilnr so^thitN a AD£= Aif FQ j(Th 0 )) 

Bnt these are alUmato angles, ^thcre^oro FG is parT. to Ap 
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=7.'^'Lefc AB be a diameter of a circle, 
and through A lob there be dra'vrn any st. 
line to cut the circumference m G and 
the tangent at B in 0. It ts required to 
prove ihai (l) GAB, BAD are equi- 
angular, (li) A0,AB,AD are proportionals, 
and (in) the reel AO AD is constant for dXl potihom of AD 
(i) In the AS GAB, BAD because the i Ain common, and 
(the L ABD L AGB (each being a rt angle Th. 46 and 41), 
ience their third angles arc also equal. 

The AS GAB, BAD are equiangular, 

(li) From (i) we have AG.AB^AB AD, i.e AO, AB, AD 
are proportionals 

( III) From (ii) we have AD=AB^ 

But AB iB of constant length, hence the root AO AD ii 
constant for all positions of AD 




S Let AB, CD be two chords of a circle 
aabersecbing at a pt. P within the circle 
Join A0,BD, then it is required to prove 
that (i) As APG,DPB are equiangular, 
and (n) AP DP ^ PQfB - __ 

(i) In the As APG, DPB because ±APG= LDPB, aud 
I AGP— L PBD [since they are m the «amo segment ACBD 

Th. 39] , hence their third angles are also equal 
.* The As PC) CFF.ore equiangular. 

(ii) ' From (i) we have AP'DP—PC PB [Th. 62,] 

(ui> From (ii) we have AP, PB—DP, PC . 
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n two chords of a circle intersect at a point 
TTilhin it, the rcctanglos contained Ky their Bcgments are 
equal. [Th 57.] 

9. From all oitemal pt X let there be 

drawn a tangent XT and a secant XAB to 

a circle. Join AT, TB, then it is required 

to prone that (i) the asAXT, TXB are 

equiangular Qnd{\i) XA'XT—XTJB, 

In the As AXT, TXB bocatisQ the angle 
at X IS common, and L XTA =» L TBX in thealt segment 

v [Th iOj; hence their third angles are also equal. 

/. The A« AXT, TXB are equiangular, 

(ii) From (i) wo have XA XT=XT XB [Th. C2 ] 

(ill) From (ii) we have XA. XBz=XT^ " 

Similarljj if XCD be any other secant from X it may be 
woved that XG XD~XT^ 

: XA XB—XG.XD-XP 

If two chords of a circle , when produced, cut at a point 
utside it, the rectangles contained by tbeir segments are 
qual. And each rectangle la equal to the square on the 
.ngont from the point of intersection [Th. 5S ] 

Exercises on Page 267,. 

Let DE be any st line pprl. to the base 
0 and J;ermmated by the other two sides of 
he and let^Fbo itspiedian through 
9 cutting DE nxG It is required, to prove 
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Smcc DG IS parjj to BF^^ hence Iho a* ADG, ABF are e^jm- 
fingnlar 

..DGBF-^AGAF ‘ 

tAgain since Gfaa parl.'to FC,>.henooihe' iiis AGE) AFC are 
•equiangular. 

.'.GEFG^AGAF , . 

.\DB BF-GE FC. But;5f‘=F(? [Hyp.}^ *. DG=GE, 

’•a. Let ABC,'A*'B'G' be fcw 
tequiangular triangles, then itp p' 
denote the perp from A, A' to 
the opp. Bides, B, R' their circnm- 
radii, and r, r' their in-radAi, it is req^uired to prOoe that 
each of the ratios p p', R R\r f is equal to > the ratio of 
any pair of correspondmy^eides . . 

,,0) Tir&yr AD, A’D' porp. from /fl, <fl''to the opp. aides. 
Then m the A* ABD, A'B’D' since LiABD^ L A'B'D' [Hyp.], 
■lADBz =2 lA'D'B' (each being art z)i -hence ’their third 
angles are also equal, %:e. they, are equiangular. ' 

. AD A'D'-AB-A'B\ nr ppf=AB A'B^ 

(ii) i Let 0, O' ho their correspoitding nircuft'^centres. 
Join OB, 00, and O'B'^ O'B', Th^n jjBOG (at the scfentre)^ 


iLBACifit the oircmafetenci^, snd similatlj lB’Q'C*^ 
JlJ'/'<?!:._[Th. 38. \ ' ' 

But lBAG=lB’A'& [Hyp.],.' lBOO-^lB'0% , 
And «nce Off- 00, and Off'-O'ff^F .% 'ffff b^’==0C W 
’ '.'.the A jffffff, t?fi?'ff'^'T!re similar (Th €4) " ' 

-OBO'B'r^B.G'B'Q^RJf'^BGlB'G' ' ' 

Ipu) he their corresponding iii*iS6at«p. Joih 
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SQ, B’Q.\ and draw QB, Q'B' porp. to BG and B'G' respectively 
’Siaim Ijisccb tha. nnct^'B'C' respectively 

2^3^ aniJ iicacc iQBB'^ lQ'B'EK 
■ ro^’tlte at BQB, B’Q’E' Because L Q'B'E\ I QEB— 

l BeUce tlicir third angles arc also equal, t.c. they ara 

equiangular. 

' .\<iE>{}^e ^BE B’E> ' ^ 

Similarly it can bc*pr-6vcd lhat'^^.^'P={?£*B'£' 

QtQ’E'^iBE+CE ) : (B'P +e’P) [Prop Y,' p. 251 ] ^ 
^BGiB'G' , 
or r'r' ~ BG B’ G^ 

But since the as'ABG^ AB'C* are equiangular. 

, AB’J'B'z=:B6 B‘C'=:GA C'A' (Th G2) 

* ' . - * I t 

Each of the ratios p'p', B'R\ r r is equal to the ratio 
of any pair ot correspondnr^ sides of the a'sASG, A’ B’G'-. ■ 
Let B, E, F be ^2 middle pts. of thC 
' Bides ABt 80, GA of the a ABG\ aud let 
R, W denote tbecircum-radu'of the aVBcJ^, 

It fs required to prooe that B=1B' 

‘ Since each of the figures BF,‘‘0D and AE 
13 a pitslellogram, hence I l)FE=:'l DBE, L 
LDE'F::!= LDAF [Th 21]^ 

The A* DEF, ABB ate equiangular^ ' 

' r.RR'-EFAB (Proved ih Bs. 2) 
But ££=i AB, .% R ^hR' 
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4, Let PQ, RS bo two &b Imea itiUrBect- 
ang at X Bucb that PX RX~SX QX^, then it 
, IS required to prove that PXS, 

QXR are similar; and (n) the pise P, Rr 
Q,S are coney o!ic ^ . 

(i) In tbo A* PXS, QXR Bincc ~LpXS=: lQXR and^-the 
Bides abaut these aagles are proportional, for PX RX=^ 
SX.QX. (Hyp) 

They are Bimilar [Th. 3 

(ii) The angles opposite to the corresponding sides 
PX, RX are equal, i e L PSR— i PQR^ 

/. The pbs P, R, Q, S are coney die {Converse o/Th, 39 ) 




5. Let A, X, B be any three collmoor pomts> 
and from. X and B let two park sL lines XY, 

BG be drawn in the same sense Buch that 
,XY BC—AX AB Then shall the, pts. A,. Y, 

, C be aolLinean 

Saxo. AY, AG Then to the As,AXY,.ABG because, the 
(LAXY— corresponding i/46'C (Th^ 14 )„and the sides 
about them are proportional, for XY BG—AX AB (Hyp) ' 
..the A« /IBf? ate similar (Th 64)^ so, that lAYX— 
lACB. And since is park to and m the same sense as £(?. 

' I 

. . The pts. A, Y, Q are collmear. 
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6. If ABG A’B'G' be two tnauglcs such that tB— l 
(0 ' (ii) ;Fig. (ill) 

c h 


t! b' 

" then 

either 

'^heaugles 


'ri .S-.. "!• 



iV . ■■ . /sw- 

\ , ',• D ,.'..:wt'?4’ ^;x 


G, G' are equal or eupplementary (Th 65 ) 

(i) If c 18 less than b, as shown in ]?ig. (i)then c' is less 
than 6'^ and hence is G, are less than is 5,6 'respectively 

‘ -•. Ls Gt C are both acute, hence m this case i C= L 0’ 

(ii) If c«*6, as , shown Fig (ii) then c'=:6', and hence 
iG^i-B, and ^C'=6' 

*, Ls G, G' are both acute, hence in this case also 
lG^ l^G'' 

(lu) , If c la greater than &, as shown in Fig. (lii) then 
y IS greater than V ; and hence Ls G^ C are greater than 
Xs B, B' respectively ' 

‘ _ .• Of the i « C, C , they may be both acute or both obtuse 
(and hence equal), or one acute and the other obutuse (and 
hence 'supplementary). ’ 

7. Let ABGD be a parlm, and P^Q two 
points in a straight line pari to 45, also g 
let PA and QB meet at 5, and '55 and QG E 
&t 5. 

* Ji ts required to prove' that RS is pari' fe AD 
I Since PQ is pari, to 45, the Asj5^5, ABR are similar 
. . PR AR=PQ:AB 




AgaiA smco PQ ib pdrl to' CD, the a‘6 PQS, ISSC a£re hfcilat 
PSiSD=PQ GD=PQ.AB 
. PD AR=PS SD 
P§ 18 p&ffiUcl to AD X Th 
S Ltfc ABC be alihangle aad let the^bisecfcor 
-of the vertical L A meet the base Bd at D and 
the citictim'Circle it £, EG be joined, ti t e- 
qinrei, to provs^that as BAD, BAG are similar 
andthat AB AG=AE AD 

Smoo L BAD^ L GAE, and tABD== lAEG ihthreEotnesefe 
menby hauoe the third angles of the as fl/Z), JE/If? are also 
t-qnalviv lADB^ijAGE i 

AS BADyEAG are similar, ‘ ' 
and . ABiADi=AE AG, teo'that AB AG:^AE^AD^ 

^ Exercises on Pag‘e,269 

1 . L^t ABO be an equilateral In- ^ ^ 

» .* Si 

^ngle, each side of which =a 

l^rodnce BG both ways to the pts 

«■ 

P„Q such that BP^ GQ=(fi and join 
AP, AQ It ts required to proe that (i) PQ PA — PA hB, 
and ill) PA^-—3a^ ^ ^ ' 

^Smee the iABG~ L APB-^ L PAB (Th, 16.) ' 

. -=2 1 APB ’ ' ‘X AG=8P2 

.• -esch'of the I'sAPB, PAB±=^ lABG.^SO' ^ ■ 

'Similarly it may bo proved that Zd0C=8O* 

.\^tu^the A« /JP5, becauBo.the jlP la common, and 
lPAB= lAQP=^Q° {Proved), hence their third angles are 
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. They are equjangolar,- aad hence the sides nhont <equal 
i 3 at /* nrhU h’S pfopottidnal (Th S’S^, 

( 1 ) /.pq:i>4=iPA'1^b. 

<«) kud 


Lc PA'~Zay.a, or 3as [v PQ—PB-^BG-^BQ^W] 
iJ, Let- 75 6 C he' ^ triangle fight-angled 
■at "sneh that AB—Z" and 4C=4*; and 
let <40 be perp to BG. It is required to 

_ j •* 

jind^D and OD. 



Since BG-^f 9 d- 16 = 5 ', and /J 0^=00 00 

(T^^ Cor 111 ), that^s, 9=5. GO 

. , 00 - 1 8", and . SD - 00— 00=5'— i S'=3*2'’ 

3. See ‘Figrure Ex. 2. 

ft lAfi^Oired to proue that BG,AD=AB AC 
(r) ^incb'Ehe area o'f the A.ABG Bd AD, also = 
S/O TlOC^h ^5) 

, I ’ ‘ BG.AD-AA. AG. 

{n't 'SkeUhe'' Ari/480,;f00 Bbro BimiUif-CTh 5Cl5), 'hehfcfe 
■the corresponding sides about the equal l s >500 GAO'^ must 
be proportional. ' - ■ \ t 


. >50 BG=AD A B, add 00. AD;=AB. AG. 


4, Xiet ABG be a .triangle no’ht- 

00 

angled at >5, and let <40' be dra^^n 
perp to 00 From G' draw G'A' pari, 
to GA. Then if AG = 15Gm , and 
AB=ziOcm , it'is required to shew 
A'G'—^. Gem 



that AG' r=^l2cm., ‘ and 
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AG^+AB'^—\J~ 226+400=25 cnr, ^ 

Since the As AGG', AGB are similar (Th. 66), ience t&c 
corresponding sides about the equal Lt GAG's ABG must be 
proportional , . ^ 

: * y4C' y1C = /JB.fiC, and . SC /IC' =>45 /?(?, or 25x/^(?' * 

15x20 .>JC' = l2cm. 

Infcbe as/TCC'; ^>4'C' because iGAG'^-alt. //JCM', and 
llAG'G^ lAA'G' (each being right), hence thej are “equi- 
angular. , 

\A'G' AG' =AG' /fC.and .• AG. A'G’=A0‘\ or 15 x A'C 
=12X12, . i4'C'=9 6cm. 

S Let QAS be a diameter of a circle -whose 
radius = r, and let the tangcnts’at Q and S 
meet any third tangent at 0 in the pts P and 
R respectively Join' PA, AR, then shall 

(i) the , L PAR be a right angle and (n) OP 
pR-r\ 

(i) Since L OAP— L QAP, and L OAR= lSAR (Th. 47,) 
lPAR— lPAO+lRAO ' 

=1 JL0AQ+^ LOAS=art angle (Th 1) 

• (ii) Since z/JCPis’art angle (Th 46), and the iPAR 
18 alao a right angle. > 

In the nght-angled a APR, since AO is perp from the 
right-angle to the hypotenuse, Clh' 66 ) 

. OP.OR=iOA^=r\ 
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6 Let two circles whoso 
centre? are £?, O' and whoso 
raddi rand r’ respcctivelj 
hare an eitcrnal contact 
at A^md let PQ be a common 
tangent to them. Join 
PAyQA then shall (i)the lPAQ be a right angle, and 
<ii) /=0*=4 r r\ 

(i) Let the common tangent at A meet PQ at P. Then 
since PP, PA are two tangents from P to the Circle 0, hence 
PP-AR Similarly 0^=/?/? (Th 47 ; Gor) 
tAPRvn I PAP, avid l AQP^ lQAR 
\ L PAQ=: lAPQ^ l AQP,and is therefore a rfc. angle, 
(n) Prod nee PA, QA to meet the circumferences at X 
and K. Then iPQY ^ iPXQ in the alternate segment 
(Th 49 ),and i QPX •=* I PYQ mthealtemate segment. (Th 49 ) 
the third angles of'thc A j PQX, PQY are also cqna\ 
hence they are equiangular, PY PQ=zpQ'QX (TL C2 ), 

.% PQ^PY. QX 

=2 r X2 r’—irP [v is PAY, QAX are xt. angles 3 

7. ' See Figure Ex, 6. 

Let^ PmeetO'(7prodnced meet at 5. It is required to prove 
that (i) A« SAP, SQA are similar, and (u) SA'-^SPSQ 
Smee iPAQis a rt. angle (Proved in Ex. C), hence 
IS the complement of lAPQ,hxit i APR, or lAPQ^ 
I PAP, hence lAQPxs the complement of iPAR. 

Again since iSAP is 0 rt. angle (Th. 4G}, hence I PAS 
IS the complement of l PAS, 
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*. L.PAS—L.AQP,-ot. lAQS. ^ „ 

angle ii S is cotninon to the a« SAPrS,QA, iwncei 
thenffchirfKngleB'ar^eralso cqitol.. 

/i Tltey are oquian'gulJir; and’ Heiice gimiUr tTli. C2.^ 

(ay sp s'A:=^A‘ SQ] &M, . sA^^sp.' 55.' 

’ 8. liSt' two cifclW intersect' at A and 
and let tBc t'aneieilbs atfi meet tie circnm- 



forcnces at^P and Q. Jom^ AP, AQ , then 
it IS required to prove that AP AB 

Since L ABP— LAQB mtlio alternate segment ((Thr. 49 ) 
and L ABQ=: l APB in bile alternate segment (IEh» 49.) 

*. the third angles of the'' Aa ABP, ABQ -are afso' equal, 
and honce they are' eqiiiangulan, ' - 

' '..AP AB^AB AQ (Th fe2 ) ' 

, Exercises, oil' page 271. 

1. Let ABG be a triangle right angled at Q, ^ 
such Jihat a = 8,;S«l5* ^ 

It IS requii cd to find c, and the values of Sm 

X Tan 

and Tan c— Jafi^ = a764H-22& » 17. 

^ ' o 

‘fiii‘ATbnA=z^~~. « ‘ ' 

^ ^ 1 ' 

8 See figure Ex. 1. , 

If a—12, i»=35. ft M required <U> find c, and' the, iriqono- 
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vietrical rittlof smaHer angle" A. 

€= J Jl44+12i5 - 37. 

a 


- 12 5 '35 , ^ 

.* Sm;4=^“^, Cosyt=^=g=, aiida:aD/4-^«35 

87 


p 37» 
^0 


6 An 


c ‘37’ 
c 87 


Got>?==-==j^»Sec,/=:^==^, aDdCo^cc/?=-==^2 

3. See figm*G Ex. 1. 

/I tsTc^urr^J io prove (») 'Sm*/J+,CoB*j4 *=1 fi«c^ (n) 
nSecM 

iSmpe hcnc& dividing each side of the 

3 U 

or Siu®/54-Cos2>}=:l, 

iC; 

<^\^) =*^s+B* ^ hence dividing eaclvsidc of 

* <1^ 

tho equationvly X?e have ~=:r5^-4*l'; " or SecMzrl-f- 
TanM. 

4: Take a line >JC=3 6 cm . 

»iid.draT?;i?5, (?£);prcj). to AG la 



opposite diircGtions maakin^ AB 
'-•1*5 -isni. \fdin, and with 
-centre A and' jadtns 8'C ,cm. draw an arc. cutting GB at Z?. 
Jom AD Then ABGD is the regnired qnadxiIateraL 
""It ^13 required'' io find B>\^BG, Tan^CiL .OqeCM 

Since BG— J A Bi+A C^= J2 25 +;i 2*9 6=3:9,cm.{Tji.293 
,,andJ)j3—JAD^AG^=J:i2'^5rl 2-9 B f=7'7^. 

BQ S*9 .IS’ -AG"-9'e^ 
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CosGZ)/? — ^ 

GobGDA-^^ _ gg, 

5 See figure Es: 1. 


Bince fi=90’ 


m nAn 7*7 77 

T«n£)/ie=^^-=g 6=36 


AC 


-A, ' .. Sin(90‘— >?)=Sinfi=^«Oos/?. 

/iO 


and Tan (90-^/?) = Tan B = 


AC 

BG' 


> CotA. 


Q It 13 required to construct an angle whose sine is 6 
Take a lino BG = 10 nnifca, and 
doscnbe a somi-cxrcle upon it as 
diameter "With centre Band radius 
=» 6 units draw an arc cutting the 
semi-circle at Jon AG, Ihere AGB 
IS the required angle ; ior / i6 a rt angle ( Tb 4l ) 

• Sin/?(?5 



BG ~ 10 



7 It'%3 required to construct an 

acute angle A if (i) Tan>4 = 7 
(ill) CoB^= 9 (in) Sin /4=-71 


(i) 'Take a line /JC^IO units, and draw CB ,perp to it 
making 7 units Join >4 B then BAG us the required 

'RP *7 ' ' 

angle, for T&nBAG— ~~io~ ^ 

(ii) ‘ Take'a line AB^ = 10 units, and upon it as diameter 
descnbe a semi-circle. "With centre y? ahd radihs = 9 units 
draw an arc butting the semiKurclo at,C „JoiJi AG, BG ; then 
BAG IS the* "required "angle for -i AGB is right (Th 41) 



GotBAO 
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AG 9 o 
AB 10 

(ai) Take a lino A 100 units, and upon it as dia- 
Tnoter describe a semi-circlo With centre B and radius= 71 
units draw an arc cutting the Bemi-circlc at C, Join BG, then 
BAG 18 tho required angle for l AGB is right (Th 41) 

Sin BAG=^ = — =.71. 

f 1 

Heasure the angles obtained in cases (i), (a), (in), and 
notice thabthc7=35', 26% 45° respectively 

8, See figf. Ex. 7 (i), 

Gousbroct an angle A buch that Tan A = 1-G, as in the last 
exercise case (i) 

- iireasure the L A and notice that it = 58° 

BO 

Since Tan A =^=l-6, hence BG—VO AG 

J AG^+BG^ — J AG“Ari 5GAC^~1 9 AGx (nearly) 

.* Cos 4 =^=j^^=’53 ncarlf , 

9. Ig rtquxrcd to prove that (i) 

Sm 45 

Sm 60* = Cos 30° =4^ 

/* % V. ^ , 
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Sm«. Sm ,4 “a 6“ 

. . Sm 45’“ = Cos 4^5“ =• 

{iiyjiQbJlBG 'beiiOigqtHl&fceral-, tnangle-and ,^5' pepp, froini 
A on BC Then J. AM A=.60 , apd L BAD — 30f 
Since AD^’^AB^—BD^<^BG?—BD^==iBD}--BQ^==SBD\ aiKh 

, / . , m! - 5 snd' • ' 

•• " 4:JBD3 ~ ” AB 2 ; 

4^, and. Cos t= =-4^ 


Since Sm ABD 


,AB 2 



Sm 60*= Cbff30*=4-^ 

10 OonBlrncI: an acute angle /f anch that 
Tan A «'81 as- ra Ex 7 (i> and fxom one 
of its arms cnfc off /Jfl = 10 ciuu 

Erom fl dtaw BG perp.-,tOvtise other 
arm of the L A. Then ABG as the re- 
juired Tight angled triangle , for the hypotehnse >45 = ,10 cm , 
Tan A^ 81 

Measure AG, and' the z. -^j^ftnd nqtmo' tihat AV .« 7*8 .^cpii 
»nd lA^SB’ , 

Since BG=JAB^-AG^^ JTofTSi=6'£ cjn. 

11. -See egttfe m ' ' 

Coastmeb an acgte-angl'e A tjujpjh’ 5P*Ji jA ^ *Bd 
Sfom ons oE ifet anns etts off y?C=l 8' em.- 


A(?C dtfitt n porp._ tOi/fC? meeting; jEhe-rther nrm of ibo 
LA at Then ABC is the terjiiired it a.ighd truinglc, for 
Z.C='»0" b^2^cm hhl'Tau ’ 

Jifcisure AB, and the l A . .nid notice ilmj; AB~Z 4 cm, 
ludtUc lA-^>y^ 

Exercises ,011 -P^ge -^73*.' 

1 See 3ol)ttLou sriveii m tout twt'Hook: 

2 Let 4 j 6(7, £>£Fd o'^txvd cquii'ug’ul.ir 
triangles haMiig-'/Ifl^torrceptudiug (o^ ' 

D£, BO lo ££and CA "Jt ifrt- 

<j tit ted to ks BG GA—DE, 

r r * r^n ^ ^ F ^ 

EF FD 


^ ^ H r ^ 

- I » 



^ BC CA ABu i 'BF ~ FD ^ < DE 
Sm^ “Sintf "fhnt? ' Tin/} 


?J§:=:Sit( A' Siii 6\ 

.uulli'F FD UE—hi^\P pmE^^iu F^ ' ' *" 

Hirt A^D ^=/^(J=£, ;^in A=i^nih^ n £=:Bn:£, F 

AG BG CA-DEEFFO 

3In''’S'Jo*i!olutiod"gi\tn' 'n'\o\ir te\f hoblc ^ ^ ^ \ 

4 ^‘^iime'nc sidcv, ^ ^ 

pauillelo^r uu an 15 lha mcluiled 
angle It u nquurd lo niidVs at ca 
I Drav; tkc dugouaMC, then llie arci of 

A8GD~21]\gj\tc 1 oLtbe 2:^ A BC=abh>ii\B (Bi d) 

(u) Since fho’dliiis’ 'ib'^ i- pa’rallelo-’ 
gr'am \\lnse''Jrl]a^:chfr'‘^tides *^atc'-''«iqYdl,^ 
hence ir^fi b«v one bido and A one, angle,, 
g^I^en, jthen itb cicr‘=a^,,,Sm,/.[frc;n] 

0] 
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5 Let 0 be tbe centre of the circum-circle 
of the A ABC Draw OD perp. to BG, and 



]oin 00, OB Then 

Cl ^ D_ ’ ff' 

S>in GOU-~ QQ-2QB~2fr • ^“2“Sm B0~D ' 

Bub L BOD - i Z BOG = l 5/Jf?.(Th >38)' 

I a , a . / // 

« D ■■■» ^ — r"*’ - r 1 ^ ^ 

Again, if A denotes the’area of the a ABG, then 

' ' ’ ' o 

A — if)c Sm A (Ex 8), . Sin A •» -j— ’ 

2 Sm /4 “ 4 a 

Etom (i) and («) we hay© B ,= 

6 See solution given m your text book 

Exercises oli Page 278 

1 Let /JK be any two, st lines of indefinite length 
Pig. (i) Dig (ii) Pig. fin) , h 





■'-3^ 

3 ; 




\ 



B>> : 0 - A 






containing any convenient angle between them , 



(i) .From AY'Cnb off AB=:2 4", and £ff?=l 5", and fiom 
rfrcufcpff 4D-= 1 G’ 

‘5oiii.5Z?, and draw CE pari to BD meeting in f. * 
Then^Of is^ the fourth proportional to AB, BG, ‘md AO 
(Prob 35) 
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Measure DB, nnd notice tLnt it «=- T 
'AuihmctiMUy, 2*4' 1 1 5' 1*G" • a", 

TrhencD 2 4 x k ■=«= 1*5 X I 6, or a; I" 

(ii ) From AY cut off /f5«=2 5' and ffC^l 5' ; and from 
y?;:cut ofry?D=-15*. 

t 

.Tom BD, nnd draw GE <pr)rl. to BD meeting AX iti E 
Then DB, is the third proportionnl to AB and 5C?(Prob. 80) 
Measure DE^ and notice that it «= *0" 

Artthtndically 2 5' . 1*8* ' 1 5" x" 

‘ ivhcnco 2'5 xa 1*5 x 3 5, or 5 ? 9' 

(in) Take a Et. lino /(? e 7*2 cm, and prodnee it to ff 
making cm Upon the diameter /fi describe a somi- 
circle, and draw CO porp to AB meeting the Esmi-circle m D, 
Then CD is the mean proportional between AQ and CB 
^Prob 88.) 

Measure CD, and notice that it G breu 
AriihmeUcally, 7*2 . a lx' 0 

ahcncc j:* «=« 7 2 x 5«^8Cj or x = G era 
2 Take a hoe and draw 

a line AZ ,of indefinite length 

s 

making any convenient angle with 
AB From AZ ent off AD = 7 
nnita ; and irom DZ, DA cut off DO 

Join BG, BE , and draw DX, DX' pari to BG, BE meeti ng 
AB and AB produced in tho pts. X and X' rcspectiYeiy, Then. 
AB IS divided internally at X and oxtcmally at X' in the ratio 
7 3 (Prob 87.) 

Measure AX, BX; fllid AX\ BX', and notice that AX~l'i"^ 
BXer C", /}.V*=3-.V' and BX'=Vb\ 

^mce /}C?=.4Z>4-/?(?.=74-8— 10, and AB,AX—AC AD, or 
.2>}Jr=10,7 ,% dj:=l*4*,and 5;(«-/?5-/JA'«.2-l*4"»**6* 



U J6; ), 


Afj.iiu since AE =' AD^DE ’=‘'i'~^~4.,x’aTii>^AX'^AB~AD^AE, 
01 AX' 2—7 i, whence, iSnd, ^ BX''=.AX'-^AB “ 
3 0''-2"=l*5" “f I i 

3. .See-figAEs:!. I ' ’ ' ‘ ''J' „ ' ■ ’ , 




‘i 2 cm ,'theu DE will 'rcpi'escut x ^nd will -meahvire 2 3 cm 
Arithmelically a:==4 2x4 2, wlieiice' 'c=2'&cm 
- In lilt. 1; Tig ^(lii) malce A0 = 'i 6" lin'd CB = 2 5”, thtn ^GD 
A-xll Teptescnt'^ie,'a'n^ will measure 2’" ^ f 

.4i ithvi^titfflly a/“:=.lG i< 2"^ 5—4, ‘w'bcuco 

'4' , A o' " 1 

4 x.ike a lino A 3 =7 2 cm , and 
draw a lino AX of mdSfiiute iengthi 
making any convenient angle' 'with 
AB From /4A’''cni off AV/GD, DE '^ i, 
i ail'd 4 nuitb of longfcli respective! \ ' 

I Join B£, and draw CG, Of each 'pari to' B£' moiling 
in kho pth G and f /rhon AB dividcil at’ G and f ’into 
segments proportional to 2, 37 and' 4 [PrdbitSiVCdr] ' “j 
.t/<?rt8eJ;^e 1 these '■'partv ahd Jioticci that:/G=*liGlcm , GE 
=2 i cm ,'inid fB =i>3 2cni. i v ' < -*^1 i ' 

cSinlo /JC==2, /JO and ’4£—0 mnits of length ; iind 
AB AG—AE A'G or 7.2' AG ^9 2, . r ‘ > 

')/JG=* 7 2x 2, whence i4G=l'C cm ' 7 * 

Agaih’smce /IB.^fc:/Jf*/}0, oi'7 2 /JF^S 'f, r' , 

.’ 0AE=5x7 2, /4F-4; aiiV ! G/^=;7F-'/G=4-j 

=52'4 cm ■'> 1 ' ' ' > ' ' ' 

' BF—AB-AF—7 2-4=^ 2 cm 


( 3.- i) 


5 See fig, Est 4 - 

Btc\Ubo tho so6ou(l| part =■ ? of tlio firfet.^niicl Ibc third =4 
of tbc se6bud ; h^hcc (he first the' socoiul ^tbc third « c' 1 3 
Heuca take n Imc /5=S 9“, and divide it.- into three parti 
proportional to 6, 4, 8< [ns'iii Evs 4] 

6, ,Eel J'lf'C'D' bo ‘a givjeuj 
square on a side It ts 

teqmrsd to cbnsiruet « Wectitnqle ’ 

ABGD on a side AB^l J'' hich that 

‘ I 

xt Jin//, ^ fqntl xn area to the sq 

A'B'O'D' , - . - ^ - 



Draw ADf BG perp fo AB making cach*=tho Zrd propoi- 
libnal to A8 and A'B\ and ]om OD 

] , ^Thon ABGD is llu required rectangle, for AB A'B'=^A’B' 

iBff Vhoii AB,BD=IA^ B'^, ihal is tho rect ABCD:=l]io in 
A'B'G’O'- - - ' , 


BC'. 


2x2' 


A'B'i 

;-43--W 

Measure BG. and notice thlvtat=2 7’ ‘ 

7. ,(t) Find ^thotmcBu proportional hetwoou 3 and 1 [ns m 
Lci li'm)], ,tho..i it Mill rcpresent'graphitaih the viihu 


or 


^3. 


For if n=.r then ®’r=3x I, whence JZ - 
(u) Fml th) moan propoHionul -between omul 2 as 
aboro, th“ii it will rcprCaifub'gr.Yphic illv tlic \alno of ^/TH 
(ui) Find the mean proportional between 2 and or 2 

and l.l , thou it w ill pioseut graphical!) the \ aluo .of 

8. See fig Ex. 1 ' 

(i) Find the' fourth proportional to 2^8, and 2 *4 [ns m 
Ec 1, (i)] , thou It will reproaout the required valuf, for if 




'( 38 ) 


it=x, Ihen 2 8*8 5=2'4 x, whence a=r?-^A^=3 

1 ' ‘'ll"® 

Measure the fourth proportional thus found, and notice 

4hat it=3 r , 

, 6 84 _ 6 84X1 , . , / ' 

( a ) Since-^-j-^ — — 2^3“ » henco find the fourth propor- 
tional to 2 18, 6*84 and 1; then it will represent tho required 
value as m case ( i ) 

( m) Find the fourth proportional to 1 51, i2 71 and 1*26, 

, V 

* \ 

r then It will represent the value of 


^'ig (0 


2 71X1_26. ,, r 
— — 'as lii case (1) 

Fig '(11) ’ Fig '0”) 



( 1 ) Since — hence a b c=3 4.5 
'5 ? IT 

Take a line DE—i'S", and divide it at B and A in three 
parts proportional to the nuuibors 8, 4 and 5 

With centres F and /J, and vradu FF and >?f rcsj^^ively 
draw two arcs mtaraecting at G ' Join GA, GB, theui^KF is 
the required triangle 

the Bides, and notice that a «= 1*2", h^l 6* & cz=2‘ 
Bj calculation- hence «=-Y^= 1 S' 

Similarly-^ “fF* T“1[| ’ £=2" 

( 11 ) Because a = ® 5, J=:4 c hence a b t=zl0 12 15 

Construct a triangle ABC whose perimeter =11 1 cm 
and a.b c=10 12 16 as in case (i) 


( 39 ) 


i/tfrtJuM the sides, {ind notice that fl=8 cm . Z<=:8 G cm 
c=:4‘5 cm verify yo\ir results by calcnlaUon as in case (i) 
ABC A 180* 


^=80*, S=60‘, end (?=00“ 

Take a hue D£ ■== 1 1 8 cm At the pts, D and £ make the 
angles equal to 15" and 45* respectively with thoir arms 
meeting at B. 


At the pt,£ make the iDBA— l EDB=zl5\ and lEBG 
= LDEB—i.h" Thou ABG is the required triangle 

For lA~ IADB+ LDBA-=lb*-^\h"—^0\ and = 
lOEB+ Z f6C = 45*-l-45°=:90*; hence the third z£=60*. 
Ueasure the sides, and notice that fl=2‘5 cm., 7?=4 3 cm , 
Since ABG IS a rfc angled triangle having 4 4»80* 

and zff=G0', hence a=l c, and and : a b e z=: 

1J3.2 * 


..The lengths of the sides a, h, c can bo kuonu bj ca^cn- 
lalion 08 in case ( 1 ) 

tiv) Draw any two lines Df, DG at right nin-lcs to c leh 
other, making DE, Of? *3 and 6 units of length "respectively 

.Tom C£, and produce it to B making CB=4" From /? 
trTau-hf produced Then ABG is the' required 

For z/=90°, the side BGz=r, and AG AB^DG DE=5/£ 

Mcaiure. the Bides h, c, and notice that ’i«=3 i**, ^ud c=2 V 

By cdeulahon since 6.c=:5 3, hence c=h ^ 
and since i!+c’=os, • oj. 3^4 b^zrzlb 

4x5 „ , 

-34 ,734 

and A x8 4’'.= 2 1 \ 

V If ( 





( 40 ) 

' Esercises ( 3 iL’pag 6 ' 279 i 

1. Coustrucb a A /JBCjii.whicli « = 

' , u ) 

8 cm , 6=5 C ’em y t =G 4 cm fThcn ‘ 

Llie A ABC represents the field > 
rt reprcifcuts >J00 liictfcs, thou" 

)incc « 6=fi a G,'aiid a c=8 G 4 



, 5 G 5 6, 

J T ^ 200=140 ni.» 


' 'G 4 
(,\dc^ „ ^rt- 

j I i 


G 1 ' ' 

■-^x20PplC0'm 


S - s< 

,(u)- From AB cut off i^P=4cIn ^ lin'd' drnvv pa^l' t 
BG ,'l'hen represents ihi Icli'gth of the fence'* 

• ^S'ncc tha ^slAPQ, ABC are similar AP AB:=:PQ^BG 
- , ^pn^'^P‘BG _4k8 ' > M. . < 

’• AB~ — irr“*’ ' 1 ' ^ 

A-gua since 5(?^rep'rQse its 200 ^pi , aud./^0,5^?=p 8 'j' 

The real length of the fcnce=^X‘200— IJSm'' ■' 
2. T.ike any st lino" 'AB=i8 nnit^ 'o'f '| 
length, and from it cut off AA=-7 units of 

» I V ^ J ^ 

lt,nglh Henco nhile A triicls the flistaifco 

A3, B tiivoiri call AX, therefore lepi^o- 

sonts tlio distance In mhich A ^cats 5- in a^racei of< 8 niiil 
of length , , , 

At the pt A make ai)\ comonient angle BAG, and let A 
represent 300 laids Join bG, and ci.nv XY porl to BG 
meet AG in Y Thou GY Represents the distance b} which 
bents B in a 100 jards ruco" 

bincc AX AB=a'y AC [Th 62], and AX BX^AYCY [Th' C2 



( 41 ) 




f .' AB BX-AC GY,.^\' CY .=}^.^- >^3 
3. rrora any pfc A draw AB^AO laniWiTK’ii ^ ^ 

andA'B directions, m)ikitigi>4S^ 8''.'iindf] 

/C=* In', aud jom Be?*' ' '‘-f'o ' >‘'o r:, 

* -Smee the /./4 is art angle, ^ 


<i T 



. 5C=J/1i52-{^-4C\=J.bi+2 20=1.7" 

, ^lu, tUe,>scal3 lOt^l'I to-SO-milcs', ’^flC^tvenlcl represent 
1 7x2,"), or 42^ jinles, 

4: ( I ) Let' AB‘ ropiesenfc-a 'lamp-post, :: 

and GD a man nhosc. height is G ft. 

Standing aba ^distance of^ ft ■from AB 

Join BD and prodilcoat to meet' AG prd-- 

dneed in * f* '' 'Phen f?£' ’represents liiO'' 

shadow of Ihc man, and is equ.il to ^ ft 

Ti- It, reqim ed lo find the h^ighkof A B V,-) i ^ \ 

Sineo /}£=/?(? f-f?£=32-f 8=4,0 ft , antL,lhfc ABE, CDE 
are similar f ' ' . ' “ _ ' . ■ ■ . 



AB GD~AE,CE, whenco AB= 


'AEOD 40 xG 


:30 ft I 


CE S 

i , ('ll) l^etC'fl' Tepresent a.bcy oft high iitandiiig at a dis- 
tance of 20 ft produce it to meet 

flGi produced ,iii £' Theu'C'f' icprobcnts the shadow of the 
d)0} It J8 ? equired lo find G' E ' ' — ‘ ‘ ' '1 

SmcC'the-Ae74£f') C' /?'£'- arfe simSlar, '' 

.• 'AB^G'D‘‘=AE'^G!E',^ add^ P iA'B--G'DiC'D>'HAE'-G'E') G'L' 
,=AGiG’E' , 

AC G'D'-> ,20x".--i_dO0'-7';, 

'• '' ' {A~B'^'G'C)7-f6i}-.,)^''ro r 7 



( 42 ) 


5, (i) Lefc AB represent a lamp- 
post, and CD a man 6 ft higli 
*tandiug",15 -ft ' from the |)OHt 
Join 6/D and produceat to moot AG 
'-produeed in £ Then GE represents 
the shadow of the man, and . ,G£> 




= 5 ft It IS required to find the height of ABi ' ‘ ~ 

Since AE =15-f-5=:20 ftl, and the A« ABE, GDE 

are similar ' k ’ > > 

• AB GD'=AE CE, Whence >46=^^^ =^^^=24 ft 

( i/t D 

, ^ i r » 

(ti) Let EG represent the man when he has approached 
8 ft nearer to the post. i4£=/^-i§£=l5-8>=7 ft. 

Join BG, and, produce it to meet AF produced in //,'< 
then EH reprbsents the shadow of theiman iu the new posi- 
tion It IS required to find EH 

Since the as ABH, FGH are similar, 


AB FG~AH FN, and /{AB-FG) FGAAH-Ffi) FH^AFFH 

=12^^^2=211 dm 
' ^ {AB-FG) 24-6 18 

6. Jjet D£ represent the hreath 

of the canal, and CD the visible 

i * ^ 1 

portion of the rod fixed ver'ti-,1 
cally on the’ bank then GD=i\ ft. 



Let AB represent the observer,) whose eye is oft 8 in 
above the ground, and when he has retired a distance AC at, 
nght-angles from the canal until D,E appear to be in one st 
line to him If WC:=20ft , tt ig required to find CE 
Since the a* ABE, GDE are similar, 



( 43 ) 

/ AB OD^AB Q£, and . (AB-GD) CD={AE-GEy.OEr=AG CE 


GE^ 


JO, CD - 20x44^ 


.60fb 



AB~GD \ 5^ — I 

7. Let AB represent the tower, and GD a 
staff 12ft high-fiied vertically in the ground 
at a 'distance of /4(?=27ft from the tower. 

Also let EF rep^sent the man 5ft. 4 in" 
high, when iie has retired a distance of GE = 

A , _ < , 

3 ft farther frcm the. tower, and from where 

he sees B and D ni the same st line. It n required to find AB 
From Fdraw FGH parl.''to/f£cutting<?flatG,and ASeAH. 

Then DG=0D-CG-GD-EF=^12'U=iait , and FH=AE~ 
f/-{*’t?£^274‘ 3 =30ft 

Since tlie A « FGD, FBH are Bitnilar, . ^ 

FG FH « QQ BH, = 66Ht 

AB»Bf{+AH^BH+EF^Qfjl + 5^=72ft ■ 

8. ,Let AB represent the lighthouse, 

and GD a man^C ft, high standing 
due south of the house Jom BD,' 

I ' 

and produce it to meet AG produced 
111 £ Then GE represents the shadow 
of the man, and is therefore equal 


to 24 



P®’'"?' towards the cast, makincr 
GG «p0 yardE=300 ft Let G' D' represent the new posi" 
tion of the man Join BD', and produce it to meet AG' pro- 
nced m £ Ihen G'E' represents the shadow of the man m 
tue new position, aud is therefore eqnal to 30 ft 


1 

( 


44 


) 


-'lltts requited (6 find AB ' 

Lot AB~x, then since the/As ABE, ODE aV'd '’s'imilnr, 

, ^ AB 00=zAEGE,v,nd. C'D AE-AB GE’otfiAE-lijc, 

, ^ ' )>' 1 >1 I l ' til a 

[Again because iUbt'^o ABE',‘0'D^E' are similar 1^' - ' ■ 1 
AB 0'D'=AE' O'£'.„ond * . ^ C.'D' A\El~AB O'E' ,iOT G‘A£'= 
‘ ^ 3()x,'ou ^ AE'f^Ox ^ ^ -j' j - ; 

V ‘AC—AE-CE~iXr2i, and AC'=AE'-C'E'=^(>x-ZO ‘ 

^lld since the jL'AOO' i8fa< ilb-ahgle, <*t AG'^^AG'^:^06'^=900^ 
' , ,^^•^"■9“.='^'^^*’ ^(•’^~p)=300„or>-rt>==100, _.x = lfi6fc 

■, Exercises. t)n page 284 .'> 

— 1' ' 'u ' * “ - ’ f 

1 Taken line AB=sG o cm ,aud at the pt"!.,] 

A and B make the iI!s 'BAD, ABQ^fii" 
and 70° 'such that /f/)=4 4cm 


i 10 


’\A 



B0~'*i cm > rospccbivtth Jom CD, 1 
'i/ieti A BCD IS the required quAdnlhlel dl ^ ^ 

; (ii) Take am couvemeiit'jit' 5/'and ]om'‘S^,"55,'5C/S£) 

Divide i»»fer?ia;/y at. /I^lu the'nxlio 3 4i ‘ i' ' ■' 

f Prom /}' drau /?'£' pari to./}£l fii\*etmg.5£ m fi', . 

t lirotQ S' draw B'G' patl, to BC uieotiug SC m S', . 

hud from O' drw C’D' narl. *to CD meeting SD in' S', and 
^oiu AS' f' t < ^ ‘ " )> ‘ i ' 1 *’ < ' ’ ' I » 

j • / ” 

Thou A'B'C'D' 18 the reduced copy of ABCh such 
thatahe iatio of feach sitle’o'f '/f'S'C'S"lbo" £ho' correepoudm^' 
sidc'of yiSCOnb 3^4' ' J .. ni l 

' / ' T\ '"l* ' r,'.! ' ’ ” < > ' ^ ' f 1 

(. 11 ) Divide SA tuiernallt/ ,n\, A" lU the ratiO '5‘4 and 
complete the hgure A"B'>C''D'’ as in case (i^ 


( *^5 ) 



Tlion tbb onlai^cd Copp of ^ucli tlint 

tbo ratio of cftch^idoof/}^B''C"fl''tb'tlie'Corre‘=:'ponding8ido 
Ql ABGD 

2. Dfavi n scrai-cirdc iipou nny 
liuo,/(5 as dianrctch Jt ts t eqmreil 
h describe a square m t(, so' that iwo 
iet^ltces nia^ be on Oic arc, und the 
Ot^trr tic'i on AB^] i 

^ ,, Bisect AB at 0, and .take apy t^^d points 0^ Fafco’fpi.il dis- 
tsuiccs from 0, and ou-oithor 'side On CF de^^cniie .i 

fc^uarCjCBf/; . s f ; .c , * i “ i i' ' ^ '' > ' 

Join OD, OE, and produce them to nioofc the arc in the 
pts'Annd Q u ^•Tonr/’^,*!md'draw'/’(S’< QB perp lo AB “Tlieu 
PQRS is’tho requiiod square [Ptob dO, p. dfiu\ , i i i 
( u ; If /}^=2i, and the side of the tq PQRS ^(T, then 

< Because OP^^PS^-{-OS?^ pr 

1 , ' e ' ( ' t til „ ;■>»,• ' T ' * 

3. Draw an Z. ^0B=:G0°, such that each of 
‘ Its arms OA, 0B=2 i\ ‘ II riqieneU to ins- 

,cnbe a sqitarv'zn Che sector OAB ‘ ‘ > 

i *. f >1*1 

Take any pt G m OA, and from OB ctib off 
0F=d)G “Join OF, and on GF describe a sq CDEF,, 

Jom 0£?, 0£, and' produce them to 'meet t he arc m Jhc, 
}ks, P and Q Join PQ, ajll draSr ’PB/^ff 'cach par7' to icO,' 
mcotintr 0 /}, 05 mthe pt8''5dnd'/? res^ctifely'^ 
then PQRS IS the requirOd'Bqtuire '[P>o6. 39, f 555] ! ’ ^ 

' Measure PQ, and notice that ir=:l52;>*'i ■ ' ^ ^ 









{ ^ 


Tflko any pb. 6 m AB, and draw par], to BC mcctiog 
AB m F. On GF doficnbc a tquare GDEF 

Join AD, AE, and prodnce tbom to moot BG m tho pts. F 
and Q. From P and Q draw PS, QB each porp, to BG meet- 
ing AG m 5 and AB m /?, and join SR. Then PQRS is tlio 
required sqnare [P**oi. 30, y 283"], 

Fig,(0 B. Ft'tj 00 

6 Takoalino/B=2-G'', 
and ab llie pba. B and G 
f make the La DBA, BCA 
=110’ and 85° respec- 
tive Ij, with their arms 
meeting at/. Tif ig required to inscribe in A A BG an equilateral 
inanglc having (t) one tide yarl. to BO, and (it) one aide pari, 
to any given el lijxe XY. 

Take any pt D m AO, and draw DE pari, to BG [aS m Fig, 
(,!)] and /}£ pari. to^Kfaa inFig(ii)] meeting /£ in f. 
On DE describe an equilateral A DEF. 

Join AF, produce it to cub BG m P. From P drarr PQ, 
pari, to FE, FD meeting AB, AGin the pts Q and R respectively. 
.loni QR, then, PQR is the requited equilateral triangle m 
both the Figs (i) and (iij. . [ Prob. 39 /? 555 ] , 



"7. Let ABC, XYZ be any two given 
triangles It is required to inscribe 
jn the A ABC a triangle similar to 
the aXYZ. ’ * ’ M 

Tr, API 1 . o , , 

In AB take any pt./), and draw /If- pari to YZ meeting AG inE.. 
X'rom D and £ draw DF, EF patl, tb 'XY, XZ respectively, with 




their terras mpqting iirf -,Thpn i^DEF h rBiipiIarrto ^’XYZ 
Joiu AF-, and prodneo it, ,tp meet BO, ih iP) ^'Froia'P drav 

jjectively^ ,, 

3B, p. 288 -O 

It can Ijo done in t/i/^e ways, accoidnlg as BE' ror- 

tesiiOnds toZY, yZ'hr ZXi^ - 

> ' ^ ^ 4? / 

('8. "With- any point 0 as cpiitre^nnd 
‘radius = 142 " dra1\ a circle, and placfe tlie 
|Cliord3 AB, ' BG, CD, D£ and £feachf= 

I 2" niid ]om AF IL <s roqui) cd to:ftts- 
t-MitfVn the heoxigpii ABCDEF.a^squaro 
haiiiifji two ^^iciet ,^qrl t<\\AB^ and ^DE, and 

uf vpi/wes on the le'nainuuj ettln oj (ho ft^edqi^n ’ 'i'“ ' 

Driw<OZ^ porp,ftO’/4^, and 'draw' the sti Hues POByQO'S on 
^hc,p^tp^ 8id«!j"uf OZ.^'each'imakiii^.an »aii^dt>:;:it')' 'wuh !it, 
Hud meeting pF, FArBGFODinn pt^ P Q, 'R-j e6- 
Q!^, ^‘5,,,{Qid BP. /Jiieii PQRS B. thencijii- 
ireU square. ^ -,,0 jr e d f j . , t'l ! ' > - ' 

, i 'Exercises on page 287' 



to F^E,FD mectiii" AC, AB Jii jtlifcpt8^^'i^<!L^ lei-- 
Jom QR, tUeu,£^£ IS the Jeqiured triangle iP,r,eh i 


1. Let ABC 'DBF be 6 \t 6 Lriaiigles" 
cijinl altitude standing oi^^lhaj 
'bases BG, £f of G 3" .iud„v B' ' 

[poctively If^tUo area of ABO^ , 

( ^ ’ 1 4 \ J 

(12^ sq m il^b^ equii cd to find the 
'aica o/^DEF - c , - , 

EF C Ih 4 

I -* '> 5'‘J 0 "i* „ a ,1 r. cj 1 ^ 'U y 



( !■) ) 


,1 D£f=-■^|■'^?^=li|iy=^|=101 uq it 
2. See fig^ttre Ex. 1. 

Let ABC, DBF bo t\so ItmiiglcR of cqnnl altitude Then 
if A A/)£F=2if.l7, and if 5(?=1‘2 cm , li t* required 
ioftnd EF. 

B\n<ic BG EF*- ABC £,DEFCS\i 70)=2i:i7 

. cr 3'-^^ I7x4*2 „ „ « . , 

EF~ -jq — =:2'9=3'0 cm ticarhj 

3. See figure Ex. 1, 

Let /ISC, Of F bo two trinnglcB IjiBg betaocn the Hamo 
parallels. 

Then if f(?>=20 7 ra., £f=lG 2 ra., nnd area of the a Off is 
50 120i sq m., it IS required to find the area of a ABC, 
Smeo A ABC AO£f=fiO-£f [Th 70]=X0'7 :1C‘2 

. AOff 20 7xr.0*120i__„. 

’ A>4£f? =;; =G4Eq m. 

nearly, 

4, Lot A BCD, EFGH be two 
parms. wbosa areas are m ibe 
ratio 2 1,3 5, and abicb lie 

between tbo same parallels 

K 00=0*0". it IS tequired to find FG > 

0C,f0=patIm j^O'parlm. EG [Tb 70]=2'1‘3*3 
3*5X00 _8 5x0*0 
F6— ,2 1 2 1 

6. Let ABO, CBD represent two triangular 
fields upon tbo same base 00, and on the ojip 
bides of it. iJraw AE, Of perp. to BD Then 
if AE^l 2 tbmns 0f=3 71 chaiub and area 
of the liold ABD~l^ .ici cs, it is rcqun cd to 
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find the area of the whole quadl A BCD 

Smce A ABD-S BOJE^l 4*2=2 1 BD^ 

, - and A CBD \ BO GF=:\ BO x 3 71=1 8f»5 BD 
, r. e^ABD a, GBO~2 l BD V8o5 BD-=G0,53 
r»3xA/lfiO r»8xi8 


A GBD^ 


GO 


CO 


-=15 0 acres 


. area of the quadl ABGD— A ABD+ A GBD 

=l8-f-15 9, or 83 9 acres 

; 

Exercises on page 289. 

3L. Let ABG, DBF be two tri- 
anglbs 00 eqnal bases BG, EF, 
of which the altitudes are AM 
and ON rospectivcly It is re- 
quired to prove that a ABG 
r\DEF'^AM ON, 

Place the two triangles such that their bases are iu> the 
same st lino BGEF, and draw AG pari to 5r meeting DE lu 
if? Join FG, and draw GK porp to EF Then 

( 1 ) Since A ABG=h AM BG, tmd a DEF^h ON EF 
ABG £^DEF^\AM BG,^DN EF=AM‘DN I BG=EF} 
(ii) Again smce the AS GEK, DEN arc similar, 

• GE'DE-GK DN^AM DN, [. GK^AM T!h 21 ] 

find smce the as Gfp, Z?£F have a commou vertex F, and 
hence the same altitude 

A GEF ^DEFr^GE DE [Th 70] 

—AM DN {Proved) 

But A 6EF=^ABG [Th 2G], r^ABG s^DEF^AM DN 
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2 Iict n st Ime XY be dra\Mi pari, to tbo bn^e 
8G of tbc A ABG cntting AB at A*, nud AC at K. 

Join BY. GX, then ft is required to prove that 
ii)AX XB^AYYG,and{n)AB AX^AC AY, 

( i ) f?inco the AS AXY, CXY have tbc com- 
mon vertex and hence the fame altitude, . . aAXYxaGXY 
^ AY GY [Th. 70] 

Similarly a AXY ‘ a BXY~AX BX [Tb, 70] 

But A BXY~aOXY [Th 2G], \AY GY^AX BX 
(n ) Since A ABY^aAXY::=AB AX [Tb. 70], 
nnd A AGX.aAXY-AGAY 

also A A C/y [Tb. 2CJ, bence by nddmp a AXY 
to each of these ctjnalf, wo have a ABY=aAGX 
AB'AX-^AC-AY, 

3, Lob ABGD bo a quadnlatcrnbaud 
let it'? diagonals AG, BD intersect at 0 
It IS required to pioue that as ABOi 
ADO, B00,DG0 we proportionals. 

Since the as ABO, ADO have tbo 
the same altitude, 

A ABO A ADO-BO. OD [Tb CO] 

Similarly A BOO aDGO—BO OD „ 

A ABO aAD0>=^ aBGO aDCO 
\ they arc proportniiala 

4. Let ABG, DBF bo two umiiglos 
on equal bases BO, EF, and between 
tbcBamc parnllek AD,BF, also let 
PQBS be any Ime pari, to BF cutting 
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/IB, AC in the pta P, Q and /?£, DP in the pfca /?, S respect- 
ively it 18 required to prove that A APQ—aDRS 
Join BD intersecting PS m 0 Then from the A ABD, we 
]inYQBPAP=BO OD[T\i 60], and . BP+AP AP=BO+OD OD, 
ov AB AP^-^BD OD , 

Similarly frotii the a BDE it may he proved that ' 
BDOD^DEDR, . AB AP=DE DR 
But AB AP—BG PQ ( * AS ABO, APQ are similar) 
nnd DE DR=:EF RS (* A s /?££, are similar) 

BG PQ~EF RS, or alternately BG EF—PQ RS 
ButBf? = ££[Hyp], PQ=RS ' ‘ 

Again since AS APQ, DRS are between the same pa.rallel8 
AD and PS, hence they have the same altitude 
A APQ i^DRS=PQ RS (Th 70; 

' Bvit PQ:=RSi proved), a APQ=:^DRS 
6. Bet ABC, DEF be two triangles 
having lB=:lE It AB^2 7", BG 
=3 5", Z)£=2 1", and 8”, then 
it IS i equired to prove that a ABC 
ADEF=b 2 

aABG AB BC ^ 2 7X35 5 

‘')=‘2T?IT"T ' 

/ I .* 

6. Let ABG, DEF be two tn- 
' angles of equal area, having l B, 

= lE liAB—b G cm , 5^=6 3 
cm , Z}£=7 2 cm , it is i, equired ^ 

^ to find EF 
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Since A ABO.aDEF~/IB BODE£F(Th 71) 
^8ud since A ABG— A DEF, \ AB£G ~ DE EF 

AB.BG 5 6x63 


EF- 


=4*9 cm 


DE ^1'2 

7. Let ABGD, EFGH be tw6 parlms having their areas m 
the ratio 8.4, and lB^ lF, If >JiS=4 8 cm., BG~IZ 5 cm , 
£f « 10 8 cm,, it is i squired to find FG, 

Since AB BG FG.FE—^&tm parm (?£ (Th 71)»8 4 

. o rn pp 1 gn pn j pry 4:AB BG 4 X 4 8 X 13*5 

.3fC.ff=4/Bfie,and. flg=-8fr-° -8xl0-8 ■ 

=8 cm 

(ii) Draw AP, EQ perp to BG, GE and let them be denoted 

P'>P' respectively; then 6hallp*p'=4 9 

Since parm. AG = AP BG, and parm GE—EQ FG. 

, APBG „ parm. A G Jg . AP _ ZFG _ 8x8 4 

"EQ,f-a parm G£ - ^ ' EQ"’ iBG 4x13 

8 . Let ABG be a triangle, and let its al- 
titude /P be denoted by^i. Then AD»^ 

'AG Sin C, or ^=6 Sin G. 

area of a ABG BG AD 
lab Si'i G 

( 11 ) If PfFbe any other triangle havjng lE=lB the 
aioa of aDEF=WE,EF Sm £ 

• ^^BG _^AB BGSui B AB Bfi 

P£ £-p 1 C B =* Sin £J 

Fig 2 ' Fig. 8 



aP££ i DE.EF Sm f 


9. Lel/4£f?,pf/rbe two 
triangles eqnal m area,, 
and 'ka.wiigfiB D£=EF BG 

It !<; lefjniietl fo prove 
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that Ls B and E art either equal or svfplemenlary 

Draw /4A7, DU perp to BG atid EF rfespectiAi-ely , then the 
area of a ABG^\AUI BO and that of t^DEF—^DU EF 
But aABG—aDEF . AM.bg ==DN EF 

Agam Since AB D)E = EFB0 [Hyp ], AB BG—DE EF 
AM BG _ DU EF ^JM ^ DU , AM AB 
■’ AB'BG , DEEF AB DE' 'DU DE 


.‘.In the rt angled As AMB, DEU , since lAMB^ lDUE, 
and theJjfies about l s BAM, EDU are proportion! {qiroved ), 
the zTO and £ are either equal or supplementary [Th G5] 
Note— This exercise can be easily proved by means of Ex 8 


as given below, but it involves the use of Trigonometry, and 
18 therefoi'e avoided 

[ Since aABG=^ A DEF, \ AB BG DE EF Sin E 

[Et 8) But,/?££(?=Z?£,££’ (Hyp), , Sm £=Sm f 

fi=£or =180”-.£] 

10, Let ABO be a triangle, and Eig (i) ^ Ejg (n) 


let AB, AG bo cut by any st line 
at P and Q respectively It ^s 

required to prove that A APQ 
aABG-AP.AQ AB AG 

Join £(?, then |^=^^[Th 70],atfd 



CB H 


AP, 


aAPG -g' (fp]^ 70 ) 
aABG ^ 


j ^ By multiplying these two ratios, wo have 

aAPQ aABG=pAPAQ AB AG . ' ‘ 

(ii) Itbb ABG, DEF be two triangles having lB—lE 
It n required to prove that A ABC aDEF=AB BG DE.EF 
Apply the AZ7££tothe A such that the pt £ falls 
upon the pt fi, and, the side fO'along the side AB, 

then the side EF will fall along the sideBC, since lE=lB. 
Let BGH be the new position of the aDEF. 
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Then aABO iiBGH = AB SB SGCW [Piovcd jh case (i) ] 

u e aABG: £iDEF=AB.BG DEMF. 

Exercises on page 291. 

1, Lefc ABC he v, triangle, and let BQ be 
one third of B(? Draw Pg pari to AG, It 
xs required to find tvhaC part of the A ABC is 
the A BPQ. 

Since the As AXY, BPQ are equiangular, and hence similar 
.% A BPQ aABG-BQKBG^ [Th 72j=l;9 
aBPQ is one-timlh of the A ABC. , ^ 

2, Let ABC, DEF be two similar tri- 
angles in which the corresponding sides 
BG,EF are 3 ft G inch, and 2 ft liin 
fespectiyely, If the area 'of the aABG 
is 45 sq, ft., It IS icquiredto find the area of the A DEF. 

aABG aDEF-BG^ EF^ [Tb. 72] = (3^)^ (2i)=* = 9 4 
aD£P=^X Ai45f/=i.x45=20 sq. ft 

3, het ABC be a triangle, and let AB be 
divided at X in the ratio 6:3. Draw XY 

■i 

pari to BG , then if the area of the A 
=25.6 sq. bm , it is required to find the . 
area of the a AXY 

Since BX AX ^3 5, .. BX,-j-AX AXM+5 hMAB /5^=8'5 
A ABC AAXY—AB^ Ap [Th, 723=64 25 < 

. A/1>VK=|-2X A/4££?=2|x 26 6=10 SI] cm. 
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4. See figure Ex 2 

Let ABC,D£Fhe two similar triangles whose -areas are 392 6g 
cm and 200 sq cm respectively. It te required to find the 
ratio of any pair of corresponding sides 

AB^ DE^=^ABG hOEF QTh 72]=392 200«49 25 
• AB DE=7 0 

Since the t^s ABC, DEF are similar, hence 1 he ratio of any 
pair of corresponding sides is the same as AB DE, or as 7*5 

5. See figure Ex* 2. 

Let ABG, DEF be two similar triangles whoso areas are 32 
sq in, and 60 5 sq in respectively If DE=7 7", it is re- 
quired to find AB. 

AB^ DE^=ts ABG. DEF lT!h 72] = 32 60 5 -1C 30 25 
AB DE—i 5 5, and . 5 5 AB=i DE=i X 7 7=80 8, 

/. AB=5 6' 

6. Let (45C be a triangle, and let XY be 
drawn parallel to BG such thit A AXY is 
mne-sixfeenlhs of the A ABG 11 is required 
to find the j atio AX.AB 

r -AX^ AB^=£.AXY A/?fie (Tb 72)=9a6, 

*< AX AB=d,i • Divide AB at X in the ratio 3.4, and draw 
XY pari, to BG, then the A XY^mne-sixlceniEs of the A ABG 

V 7. Let ABG he a triangle right-angled at 
A, and let AD he drawn perp to BG It is 
required to jtroveABAD AAGD=BA^ AC^ 

Since AS BAD, AGD 'are similar, and 
BA, AG being their hypoteunses, arc their corresponding 
-Bidcb (Til 06 ) 

. aBAD aAGD=BA-,AG^ (Ih 72) 
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8. Let ABOD be a trapezium of irhich AB, 
GO are the parallel sides, such that AB=2GD 
If the diagoualb AG, BO mtersect at 0, ii> 
required to /i7id the ratio of the A AOB the 



A GOD 

Smce i>JB0=>alt. zODC,and lBAO=lOCD 
^ the Afi AOB, GOO are similar 

, A AOB aOOD^AB^ GDi=i 1 


9. Let ABG be a tnaiigle, and let AIK be 
drawa pat I to BG such taat a AXY fig 
XBGY = 4r 5 w requited to prove that 
AX BX~2l 

FjsXBGY „ Tis XBGY+aAXY 



r>+f aABG <> 


\ AB^^AX^^ 2^' ABG A AXY (Th 72)=n 4, AB AX=^B-2 
, AB~AX AX-Z-2 2,ox BX AX=:l:2, AXBX^2l 


19 Let A80,A‘B'G' be tMO 
similar tnaagles Jfp,p' denote 

i 

their corrcbpondiug altitudes, R, 
R' the radii of their circum- 
cirolea , and r, r‘ radii of their 



in-ciitle>, then each of the rat.osjiiy, R R\ rr' is equal to 
the ratio of any pan of corresponding sides (E\ 2, p 267) 

Again since a ABG A/?W=th 0 ratio of the squares of 
any paif of cortespondmg sides (Th 72) 

A ABG aA' B'G'^ p^ p^=^ R^ R'a—r^, ,12 
. (^0 Again let /?£, ^ £ be their corresponding medians 

then -AABEt^\AABG, and AA'B'1:'^\aA'B'G' (Th 70) ' 
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a/iec tiA’B'E' 

Smce AS ABC,A'B’C' are similar, AB',A' B'—BO.B' 0^ 

^BE BV 

> lu tUc AS ABE, A'B’E', lB=i l and the sides about 
them are praportiouals, houce they art similar (Th C4) 

. t^ABE.t^A’B'E'-AE^ A'E'^ (Th. 72) 

. also t^ABO i^A'B'G'^AE^ A’E'*- 


Exercises on page 294 
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1. Let ABO be a linaugle Jt ts re~ 

'futred to drmo PQ pari to BG stick that 
AAPQ—foitr~nxntha of aABC 

Divide AB at P in the ratio 2 3, and 
draw PQ.parl to BG 
Theu t.APq t\ABG=Api AB^ {Tk 72) 

. £xAPQ— four- ninths ol CxABG 

2. Lot DEF bo a triangle such that 
DE^r, £f=3 2’, and fZ7«2 5" It 
IS required to find the sides of a similar 
'A ABG lohieh—S A DEF 

AB3 DE^=aABG a DEF (Th; 72)=8 1 
AB,DE=J3 1 

/. AB=:J^DE^3x2=:3A{y 

Similarly ib may bo rhown that «• j'SxS 2= 

■5.54", and that AG— J3FDt=.JZ x 2 5-4.88" 



3. See figure Ex. 2 

Let ABOfDEFhs two similar trianglesisuch that ixDEFitiABG 
“18 60.16 81 Draw AAf, DN perp to BG, £F, then if AM — 
10 ft. 3 in., ti 18 requited to find DN ' 

DNKAAP—aDEF Cl ABO [Es-10, (i), p 29i]==:l8-69.16 SO. 
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M_8,7 . n*»_3 7 XM__ 8.7x41 

'' A/lf''4:A •* 4 1 “4.1X4 


87 

“ •7-=9ft. 8 la. 
4 


4. Let be a triangle whose area= 
16 aq. cm ; and let X/ drawn pari to BC 
divide AB m the ratio 8:5 Join BY, 
then %t ts required to find the area of the 



aBXY, 


Since AX BX—3 5, AB AX = 8.3 


Now A ABC aAXY=AB^ AX^ (Th 72)=G4 9 
. A>4/K=-LxA/I5{? = -|-XlG=:|8q cm, 

64 64 1 j 

Again since aAXY aBXY'^AX BX (Th 70) =3 5 

• ABXY=^f A AXY=§x^=^=3 75 Bq. cm. 

5, See Figure Ex 4 


Let ABO be a triangle having 5(7=10 cm,, and let X7 
drawn pari to BO cut the a AXY— one fifth of a ABC. A 
itreqnvred to find XY 

XYiBG^=iAAXY aABC (Th72)=:i5 


, XY_1_ 

" BO Jo 



x5C=-i-xl0=-4.5 cm. 


6. Let ABCBE, A'B'CD'E' 
be two regular pentagons on 
the Bides of 2,5" and 3" res- 
pectively, and let AB, A 'B' 
be their corresponding sides 
If the area of >45C5f=10f 



«q /la , it w required tefmd the area of A'B'C'J)'^^^ 
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l?,g /IBCD£ S.g A'B'’ (Tb. 72)=6 25 5 


'fl'C' /?'£'= ^tlie fig ABODE 

7. Let A BOD lepresenfe a rect- 
angular area whose longth=10 8 
m , aud whose length breadth 
= 12 5 Let EFGH be another 

Bimilar rectangle whose area = o/?e-/?/nf/; of the rfct ABCD. 
It IS required to find the length and breadth of EFGH 
Since ffC^j/rga-iect ABGD rect EFGH (Th 721=9 1 
BO FG-% 1, BG-k X ® ™ 

Again since FG EF—BO AB = 12 5 
5 



£f= 


-^fG--^x3G=:l Sm 


^ area of the plan _ Sq on the side of the plan 1 X 1 sq 
area of the field Sq on the side of the field 66 X Gbsq yds 

But the area of the plan=100 sq in IHgpl 
, the area of the field=100 x 66 X 66 sq. yds 

100X66X66 


4840 


= 90 acres 


Since the plan is always drawn similar to the figure which 
It representSj hence the shape of the figure is immaterial 

9. Let a quadl ABGD represent an estate 
drawn to the scale of 25" to the mile ^ Tom ‘| 

AG and draw BE, DF perp bo AO Then if 
>?(/ = 20'', BE— 24:’, and DF—2&", it is re- 
quired to find the aeerage nf the estate. 

Area of the quadl ABGD—^AGx{BE-4-DF) (Th. 28) 

=4x20x(24-f-26)=:500 sq m.. 
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aren of the c^into 1 XI sq mi 1 sq. mi. 

area of quadK ABGD “"25x25 sq lu 625 eq lu 
Bofc tho area of tiic quad! ABGD = 500 sq in. 


‘V. area of the estate ■ 
=512 acres. 


500 


500X1760X1760 

625X4840 


10 Let a triangle ABC having /B = r3 cm., flC=l5 cm , 
GA—li cm represent a fiold whoso area=l 89 hectares 
IS required to find the scale on which the plan is drawn 

Area of CxABG=\ J(a+ 6 + c) (-a + 6 -p o) (a-6 + o) (a + b-c) 
(Lx 7, p. Ill) 

^/42xl6x 14 X f2 « 84 sq cm 

and the area of tho field=l*89 hectares®! 89 x 100 X 100 sq. in. 

8q on a side of a ABO area of a ABC 

fcq on tho corresj) bide of tho field ” area of the field 

84 4 sq cm. 

18900 ~~900 pq m. 

a side of A ABC 2 ._1 cm 

the corrosp tide of the field \f ifou 15 m 

The plan is drawn on tho scale of l cm to 15 m. 

Exercises on pa^e 295 . 

1. Let be a triangle right-angled 
at and let AD be drawn porp to /?(?. 

t» required to prove that (i) BG^ BA^ = 

BC BD, («) BC\GA^^=BG CD, (m) fi{?s= 

BA"+A0K 



and since AS ABC, ADD are siipilar, and BC, BA are their 

corresponding. Bides (Th 66) 
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A iiABG i^ABD^BG^BA* (Tb 72) 

.• BG*BA^=:BGBD 

(u) Similarly from the eimilar A« ABG,AGD rt may be 

Bbown that BG^ GA*^BG CD 

, ^ BA' BD , CA' _GD 

(ni) From (i) and (ii) we have bG' ~BG 

. BA* ,CA* BD ,GD „ BA*+GA* _BD+GD 
’* BG* ‘^BG'^^BC ^BG' BG* '~M~' 

But BD+GD-BG, /. BA'+GA^’^BG* 

2, Let a triangle ABC bo bisected by a st X/ 
pari to BG, It u required to find the ratio AX AB 
Since AX* AB*^ aAXY aABG [TL 72]=1:2, 

AX A'B^l J2 

Hence a triangle can be bisected by a st line 
XY pari to BO if the pt X divides AB snch that AX AB^l J2 

3. I'Ot two circles whose 
centres are 0, O' have an 
external contact at A, and 
let a common tangent touch- 
ing them at P, Q meet O' 0 

produced m 5 It is required to prove that aSAP aSAQ=^ 
SPSQ. 

It 18 proved in Ex 7, p, 269 that as SAP, SAQ are similar, 
and SP SA-SA SQ , SP SQ-SP* SA* [Th 73, cor 1] 

•. A SAP.aSAQ=zSP*SA* [Th 72]=5P5^ 

Note— It follows evidently from Th. 70 that A SAP aSAQ 
=SPSQ, 
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4 . Let two circles intersect aM and B, and let tlic tangents 
at A moot the circamfcronces at P and Q Join BP,BQ It ir 
required to prove that A ABP.aABQ BP BQ 
. Jfcis proved m Et. 8, p 269 thntA'J/IfiP, ABQ arc similar, 
-and that BP^BA -^BA'BQ . . BP BQ=BPi BA' [Th. J3, cor. 1 

* £:.ABP^^ABQ^BP'BA'il^h. lI]=Br BQ 

Note — It also follows at once from Th 70 that i^ABP.Ci^ABQ 
^BPBQ 

6, Lte DEF be the pedal triangle of the 
ABG, It IS required to piove (hat (i) ^ABG 
ADBF=AB'.BD\md {U)fiy AFDCiaDBF 
t=AD' BD' 

Since the 1 1 AFG, ADG are rt anglob, houi^c tuo pth A, h> 
2), C, arc corn.) die. 

tho Ls CAD^ GFD standing on the same arc GD arc equal 
V. their complements are also iqnal, nz l AGO = L BFD 
And the angle at 5 is common to the as DBF^ ABG, hcucei 
their Shird angles are also equal, therefore they arc similar 
.* (ij aABG aDBF^AB'BD' [Th*72] 
and(ii} aABG~lDBF,aDBFz=AB'-BD' BD' 
orhg. AFDO aDBF=AD\BD^ 




6. Let ABG be a tnunglo, and Ift i a OEF 
be inscribed in it by joiinng the middle poiiil '5 
DM,F<i{ the bides BG, <45, and AG respectively 
Then since DE, EF^ FD are pari to and Imlf 
of 5/4,55 and AB respectively; honco as ABG, DEF are similar. 

A DEF aABG’^DE'GA' [Th 72>i 4, .% DEF=^\aABO. 
SimiUrl} if a third triangle be iubcribcd m the a DEF, and 
a fourth triangle m the third, it may be shown that the 3rd 
riaugle=:J a DEF, and tho 4th tnaagk=| of the Srd. 




( ) 


*J. Let ABC DBF be a regular hexagon 
drawn on a side of a cm aud let 
A'B'C’D' E'F' be a second hexagon ins- 
cribed lu the first b} joining A^B'C’D' 

E'F' the middle points of the sides AB, 

BO, C/J, £Fand FA respectively 

Let 0 be the centre of the circle 
circumscrilKrtJ alioiit the hexagon ABCDEF, then it is also 
the centre of the circle ciruimRcribcd about the hexagon 
A'B'G'D'E'F' [Prob 3lJ Join OA, OA', then OA^AB, and 
OA'-A'B' 



Now 0A'^=:0A^-AA'i=a'-}a^=^i 
Tlnvagon ABCDEF _GA^ _ 

Jleiagon A'B'G'D'E'F'^ OA't ia^ ‘-i 
: HexiETOii A'B<G'D'E'F’=l of the hexagon ABCDEF 
Siinil.irl} if a third hexagon lie inscribed in the second, a 

fourth in the third, and a fifth in the fourth hexagon it esn 
be shown tint the third h(xi)goii=r| of the second, I bo 
fourth liexagoii=f of the third, md iheffth hexagon = | of 
the fourth 

ih^ fifth hexagonal of che foui th=f^^ of the third ^ 
=^1: of ihe second-^^^ of the first 


thafiist hexagon the fifth hexagou=25(j 81 

Fig fi1 Fig (lO 

8. Leb ABODE, A- B'G'D'E' 
be two sin^ilar cyclic figure*, 
and lot AB, A^B’ be their cor- 
responding Bides Let 0, O' 
be the centres and D, D' the 
diameters of the circle ABODE 
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A B’O D Th^n th- A 80.0£ A'B'G'D^B^ cnti bo 
iii\uxin\ i\xio tUf snnw ntimherof eiroilitrirmuj^IoH by jojning 
0 0 tn ibn Tortii «'*' of tlip ABODE utid A'B'C'D'E' 

rci j nine h . 

1^</aCCDE _ ^ OAB _0A^ _ 0» 
rvj:~AliCDL' i:OA’B' O'A^ D'^ 

Exercises on page 297 . 

1. L<'t ACC bo r* I’M.iijjlo n"ht- 
jitijrlcd ftt A, and let AO b<‘ pr}’ from 
A on BQ. ft IS required to prove 
that {!) BA--BC BD, ui) CA^CB CD, 
and hence (///) BG' « BA'-^AG’ 

( 1 ) U'*cni'-i‘ tin' AS ABO ABG nro similar [Th. CC], 
BD BA =8 A BG, and • DA^^BG.BD 
i i») Aiiam bc-ovnsc thf* as AiCD ABO are Pimilar 
, CD'OA-CA CB, and \ CA^^-CB CD. 

(in) BAi+GA^~BCMD-{-BC CDz=BC{BD+CD)=BCi 

2. Let ABC bo a tnanplc TJ};hl*a)i};kd 
at A, mid let AD be jtorp to BG On 
BO CA, and AB arc diRcnbcd P, Q and /? 

Ibroo fmnlar and unnlnrl^ duenbed 
fi'ri.rt'- Tbeit if the fijr P~c,AB0,ii 
u repaired to frrovc that («) (ht ftq A 
ADC, and f<f) thfi Jiq B~ LADB 

(0 Suico the A 8 AtsC, ACD arc Fimilar [Th. CC] 

ABO c.ACD-’BC- AG^ [Th 72] 

-thefig 0. thefip^ [Th 73] 
But ihe fig P=z'^ABC {Jlyp ], .. the fig Qm. t^ACD 
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•(u) Again bocanse A« ABG, ABO are similar [Th 66] 

.. A ABG AABDr^BGUB^ ,[Th 72] 

=the fig. P the fig R [Th. 73 ] 
But the fig P=£^ABG [Hyp}, .*. l)x& fig R^aABD 


3. See figure Ex. 2 

If AB AG—Q 5, and if the fig 9 sq cm , ti is required 
find the areas of the figs. Q and B 
Since the fig R the fig. Q AB* AG^=6i 25 
\ (the fig /?+the fig Q) the fig. ^=(64+25) 25 
, the, fig Pthe fig g=89 25 [Th 74] 

the fig 0=|^xthe fig /»=:|«x8 9 =- 2.5 sq cm. 

4he fig /?-the fig P—tho fig. Q=8 9-2 5=6 4 sq cm 
4 Let ABG be a triangle, and let its medians 
BO, GE intersect at P Join /}£, then it w requited 
to find theratioof A BPG to A DPE 

Since DE is pari to, and half of BC, hence 
L PDE—ulf) L PBG, and l P£Z?=alt L PGB 
[-Th 14], also L DPE= L BPG 

A S BPG, DPE are similar [Th 62] 

A BPG A DPE^BG*DE* [Th 72J=4 i 



!y. Let ABG he nn isosceles triangle having 
the equal sides AB, AG each=r3 G" From a 
pt. D in AB let there bo drawn a st hue DE 
cutting AG produced at £, such that a ADE 
=:a ABO If 8", it 18 required to 
find AE 


Jom DC, BE Then because a-4/?(?=A/1Z?£ 
ha- By subtracting A ADG from each of 
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% 

these equals, we huve A DBG— Hi DEO, and since they stand 
on the same base £)(?, hence flf is pari toZ?C[l'h,27] 

, AE [Th. 60,Cor.], or >lf*S6-»8 6.18, 

. . /£ —7 2 * 

1» 

6, Let >fB bo a diameter of a circle, and 
let any two chords AP, AQ prodneed meet 
the tangent at 5 in X and Y Join PQ, 
then it IS required to proue that ( / ) a s 
APQ.AYX are similar, and {ii) the pts 
P,Q,Y,X are concyclic. 

Join then since the lABY is a rt angle [Th 46], 
so also the l AQB is a rt angle [Th. 41], and the angle at 
A 18 common to the a« ABY, AQB, bcuco thoir third angles 
AYB, ABQ are also cqnal 

BabiABQ=lAPQlTh 39], i AYB, or iAYX-LAPQ. 
Similarly it may bo proved that i AXY= L AQP 
And the angle at A is* common, 

( i ) .*. the AS APQ, AYX ate similar (Th 62). 

(n) Since the LS APQ,XPQ togethor=2 rt angles (Th 1) 
^ also the is XYQ, XPQ togethcr=2 rt angles 
Similarly tha is PXY, PQY togetbor=2 rt angles 
• the pts X, P, Q, Y are concyclic {Converse of Th, 41). 
7. Let ABG bo a triangle, and 
let the bisector of the oxtomal 
L A meet the base BC produced 
at D, and the circum-circle at f . 

It IS required to proue that 
AB.AG-AE.AD. 
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Join CE, then because L GAD— tXAD— l'BAE 

By adding L BAG to each of these equals, we have 
lDAB-l GAE 

Also L ABG= L >J£f?(Th 89) Hence the third angles 
of the c^s ADB, AGE are aiso equal, and hence they are 
aitnilar 

. AB AE-AD AG, find AB AG-AE AD 
8. A Bb line is said to be divided 
in extreme and mean ratio, whan the 
whole line is to the greater segment as 
the greater segment is to the less 

Take a sb line AB—IO cm , and divide it in extreme and 
mean ratio at X (Prob. 53) 

Afeasure AX, BX, and notice that AX^& 2 cm , and BX 
<= 8 8 cm 

By Calculation since AB— 10, hence BC—b, and DG—BC—5 
If AX—X, then AD^AX=x, and A6—AD+DG—X+b 
Again since AO^-^AB^+BG^ (a-+5)^=102+ 52=125. 

. X+bs= JT25—5 J5, x = 5J5-b~0'2 cm 
AX~6 2 cm , and BX~AB-AX—10-b 2=2‘8 cm 

8. It IS required to draw an isos- 
celes triangle equal to the given 
triangle ABC and having its verti- 
cal angle— l A. 

Const. — From AG cut off AD—AB, and find AFfhe mean 
proportional between Band A/>,8otbaby4P=y4r, ^C [Prob 3S] 
Join BO, and draw FE pari to BD meeting AB produced 
at E Then AEF is the required triangle 
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Proof.— Since ff J8 pari to 50, tLerofore a /f£fib equi- 
angular to ABD , and bonce a AEF is isosceles so that AE=AF 


Acnm since 


A >450 AD^ 

aAEF^AH 
also t^ABD c^ABC=AD,A0 


AD^ 

(Tb 7u) 


/O 

">40 


' A ^fF=* A ABC, and heuco AEF tbe required isos- 
celes tnaugie. 


10. It IS required to construct an tsos- 
edes Inattqle on a given haso and equal tn 
area to the given triangle ABG. 

CoiJ^t. — from BO ent ofT BP equal to 
the given base, and find 50 tbe tbml pio- 
portional to BO and BP, so that BP^—BG BD (Prob. 36^. 
Bisect BD nt E; and draw EF perp to BD meeting the' 
line nrann from A pari to BG at F Join BF, FD\ then 
GF—FD and hence BFD is an isosceles triangle 



From P draw a st line pari, to DF meeting BF pro 
dneed at Q, tlien BPQ is tbe required triangle 


Proof. — Since PQ is pari to DF, therefore A BPQ is eqni- 
angnlarto aBDF; and hence A BPQ is isosceles so that BP=^BQ 


, £iBDF bd^ 

Again Muce —gpQ^ gpi 

Also ABDPe^ABG^BD BO 


(Th 72) 


503 _50 
BO BD "BG 


(Tb 70) ^ 


, - aBPQ^ aABG, and hence BPQ is tbe required 
isosceles triangle 


Note.— This exercise can be easilj solved as Ex. 5, p 130 ; 
but we have preferred the above method because it involves 
tbe use of proportion. 
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Exercises on page S99 

i. Let ABC be a given triangle li %s 

required to divide it into two equal parts by 

% 

a line K Y drawn pari, to BG 
Const. — Bisect AB m D, and find AX 
mean proportional between AD and AB, so 
that AX^=AD AB (Proh. 38, Note) , and draw XY pari 
to BG Then AT is ihe required line 



Proof — 


A/fAK AX^ 


=^(Th 12 ): 


^AD_AD 

aABG~AB^ AB^ ~AB" 

' ,aAXY=\aABG,' AK 18 the required line 
(ii) Since AA^ Aj 52 = 1 2 [Proved],. AXAB = 1 J2 
Note. For another solution see Ex 2, page 295. 

2, Let ABG be a given triangle. 

Jt w required to divide it into three 

\ 

equal parts by lines PQ,XY drawn pari 
to BG 

Const — Divide AB into three equal parts at Z? and £ 
Find AP,AX mean proportional between AB, AD, and AB, AE 
respectively, so that AP^=AB AD, and AX^=AB.AE (Pro6, 38, 
Note); and draw PQ, XY pari, to BG Then PQ,XY are the 
required lined. 



Proof— ^ 

aABG AB> 


CTh. 72): 


AB AD 

'HS^' 


AD 

'-u 


and 


aAXY AX^ 


ABAE AE 


A ABG~ AB^ AB^ -Jb ^ 

AAPQ=^AABG,mi aAXY-^aABG 
. . A ABG IB divided into three equal parta hj PQ4t XV 
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( Since and ^=1 proved above) 


AX^ 


AP^ AX^_^A1P 


, and 


1 "^2 J2 


■‘128 _ ^ 

(ui) If a triangle is to bo divided into n equal ^ 
linos dJawn pari to one side BG we must ^’^ido one of ^be 
other two sides AB at the pts P, Qt Pi soc 

AR_ AS_ _AB 

Jn' 


AP_AQ 

1 



and from~P, Q, /?, S,. .. draw lines pari to Bf? 

3. Draw AB, AD any two sb lines at right 
angles to each other, ranking /Ji?«5cm, 
and /D=8 cm and complcbo the rcct. ABGD 
ft IS required to draw a similar rectangle 
of one-third area 

Const. Trisect AD in £, and find /}f mean 

proportional between AD and AEi so that Af^'»AD.AB. 
{Prob 38, Note) On A F draw the rcct AF6H similar to 
ADGI^ Then AFGH is the required rectangle. 
p„„f rect AFGH _AF-- 

Proof. —jjpj (Th, 73)- , 

• the rect. AFGH of the rcct. ABGD 

wv^=i. ^^=35. ••• 

4, Draw any two sc linos AB, AD at 

ri angles to each other such that AB 

t= 8 cm., and ^/?=:6 cm. Join BD, and 

with centres B and D and radii 8 cm., 

and 6 cm. draw two arcs cutting m G. 

J'om B(7, DG, then ABGD is the required 
quadrilateral 
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It IS required to draw a similar quadrilateral to con^ 
tain an area of S6 sq cm 

Const. Mako BE=:tliree-fourths of BC, and find RC' 
moan proportional between Bf, BC so that = 

{Prob 38, Note) On BC draw the quadl BO' D'A' siinihr 
to the quadl RGDA (JProb, 39) Then BCD' A' is the re- 
quired quadrilateral 

Proof, fig BCD' A' r.o.^'RPBO __BE_ , 

fig BOD A '~BG- '■ ^ BO- BG ^ 

the quadl BO D' A' = three-fourths oi the qnadl BODA 
Since the quadl BODA = a/JBZ)+ A BCZ) 

=hABAD-'hh ^^0 CD 

xSxb-f-7x8xG=J8 <^q cm 
" the area of the quadl BCD’A =fx48=3G8q cm 
.. BCD' A' IS the required qu idnlateral 
5. Let ABC be a given circle of radi 
uh=3‘ It IS required to divide it 
into thiee equal parts by means of 
two concentric circles 
Const Drarv any radius OA, and 
divide it into three equal parts at B 
&> 0. Find OX, OP rueau pioportionals 
between OA, OB, and OA, 00 respectively, so that 0X-= 
OA OB, and OP^=OA 00 {Prob 38, Note) 

With centre 0, and radius OX, OP draw two circles XYZ 
and PQR respectnely Then these are the required couccu- 
tne circles 

Proof. Since the area of a circle= r- r' [Page 2081 

circle PQR _ rOP^ _0P^_0A 0G_0C_, 

• circle/} BO * O.^^* ~ 0/}=“ O/JJ “0/}"“* 
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and 


circle m _ ^ 

circh^BG'^^ OA^ 0A=‘ OA^ 0^ 


. . Circle circle AB'Q\ and cnhXYZ^l circle AB'G’ 

• Tke circle AB'G' la divided into three oqnal parts by 
circles PQR and XYZ. 


6 See the solntion given in yonr test booh, 


Exercises on page SOI, 


IPolt the pt B ^hose 

*■ mmtmm^wm»»wmmaw9nt9waa r-ntwmmnmwMuwmtmmwWM 

nrfl d/l.O') 

CO^OrCllUouCS UrtJ \^J.*l5 Uj ,R«u*«iitii»tn#*Mii»i»aa»rMf^''«iii«»*nni5»5*»P5 

itr .1 * n .A PSl‘^«SRK!:KKB!K?KH;5!J2K!!Si| 

With centre B and radins ||:!»rAii:''c;siBSKr:B;::»::i:'!:5!:£SB 
OB draw a circle, then it 

„,il toach or at 0 liasS^lHSlBaBlgiilifesgilSil 

-TA A j ri«rr lint, ■••■»*5*SIS5 S|5B"S5? iSUSSISlij f»55Js!B(H 
Prom A draw any line 

AQ cutting the circle at P, Km'ug:;»yii:j|ggBBR:2:;lj3Si»£%:B 
OY at 0 It is reomrsd g5ISi^^KSRSI5RR!naS!UR5i5?S5Sl 

2tlQ. (// U ^ vcuut’fpw rSBcvvaviw-^vBtoirvisickBgBBraBBKKgaMyiuanMft^M^B 

fo slu)w tut APJQ IB cons- 

Bg^:^«?™>ggatgar3^^ 

iani. 

Join OP, then einco OA is a diameter hence OPA is. a rt, 
angle (Th il") Also the lAOQisarl angle 

,.APAQ=0A^ CTh6G,Cor) 

'. AP AQ 13 constant. 

(u) If 1" la taken as unit of length, then OA^^WB *» 3,^1' 
., AP.JQ ^=‘0A^==i3 4)* ■* 11,56 sq. in. 


bwbbfb* ■yrapgiKora r 

tiiWiiv*misr:«ir*vRtBinvw^»Bvcitft«»E«irvB| 
BBrtltBJIBaKJl • — 

r t BV/BiBBIB B •».'**«» VBBBB § 

B%wA»nm% 9 wm ^BB^af 

— ^?5f 




•IBBBBl 


K»»m, 


SS5{ 


f:riiui3{ss;Rt 

~ “VABKHRli BBBSbbj»]u 

.■■SVttBSII l«tBlt»VB<S W.: 

sssr.|iss i2KSs;»^ !>!! JiSS 

xiMHBiifi |<Hiagrf«j! •s-i::zlSS SSSKSSS 

aMMix kwaBtafiUtm 


Xstf IBBBBBB*** 


t* B«1t 

9 k: 


aB,^WM 
•WMfB 

BBM - 

■g«r*srvwBKXi(4ri 

BBS fBJUaBtfFBM 


Jbs 

Bn**BBBJcaa 




■na 
BWRBirval 

vr^BBBarOTl 


Esniv^ima Rmvim 

52*»»B«k.'^BBte |rw**«|lBg«B 

f BUIBBBtfBB 

^xr;K^e5{«R55: 


ssraimuTB 

MKtVrjtMStK 




sssi 


sagHcaB 
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2. Plot tlie pts G and /? 

■nliose coordinates are ( 5,6) 
and (29, iC) respdctively 
‘With coucreCand radius 
10 draw a circle , and from 
P d raw P T,P T tangents to 
this circle 

Join PO and TT', and 'et PG meet TT' at Q It ts required 
ttijmd (i) GP GQ, (it) PQ,GP, and (in) the length o/TT' 

Tom CT^ then GTP is a rt angle (Th 4C). 

Since P T—PT' and GT biwects the i TPT' (Th 47, Cor), 
■ therefore P 0 is perp to TT 

r (i) In the it angled aPTG, TQ is peip from the rt, 
£iigle to the hypotenuse / 

GP CQ =GP (Th. 66, Cor )=10S = 100 



(. 11 ) Since CP= J(29-'>)2+(l6-G)3 = JolG + 100 * 
hence PP=G’P^-GP = 263-16^=576 

• PQGP^PP[Th 66, Cor]=‘>76 

. ^ PT^ 576 576 

(ill) Prom (ii) we have PQ=‘~^-‘^~~7^' 


, CQ^GP-PQ = ^^-^J^ 


100 

26 


. ()p=CQPe[Th.G6,Cor3=^X^ 


26, 


QT- 


24x10 120 

26 ““ 13 ' 


7T=2 QT 


240 , 

^=18 47 nearly. 


13' 



( ) 


3. Plot tlio pts 
^jffanlPvdiosc coo 
rdmatc^ are ( *3, 0), 

(2.0) and ( 1 3, 3 4) 
respectivolj. 

With ceutres A d: B 
and radn 2 6 and 
2 5 units draw two 
c.rcles lutersoctme 
0 Su D, and fro n 
P draw P r, PV tan- 
gents to these circles 
respectively It ts 
re^nred to find {i) 

(he coordinates o f 
0 and D, ( ii J the 
length cf CD and ( tu } the length'; of Pf and PV 

( i ) Since AB bisects CD perpendicular] v FProp III.p lt31 
. AC^--AE-^GE^^BC^-BE= ^ ^ 

AE--^x, then BE=AB-4E^(l7-x\ also /It? ==-2 6, and 

e(?=2 

. (2 6)'’-Jf2^(2 '02-(l 7-xf, or C 76-jr3^C 25-2 SO-fS 4x-zi 
* 3 4jr=3 4, whence 

JJO^AE^^ J{1 Jg 76-1 =2 4 

CD 2GE^4 S 

( 11 ) Since t?f-=0.4-f-/Jf=: 3 + 1=-] 8 

the coordinates of G are (1 8, 2 4), and the coordinates 
of D arc (1 3,-2 4), 





(in) Since the obscissa of P is l 3, fclierotore P lies on tfao 
pt DC produced. 

, PG^PE-CE=S'i-2 4=1, and PD^PE + f/?=8 4 + 2‘4=5>8 
. PP—PDPO^lT\i 75, Cor,] 5 8 XI. 2 4 nearly 

Also Pr^=^PD.PG=li 8X1, pr =2 4 Iicarlj-, 

, tlio two tangents arc equal and eacb=2 4 nearly 

Exercises on page 302. 

Let ABG be a triangle, and 
let the vertical angle A bo exter- 
nally bisected by a Imo which 
meets BG at D, and the circnm- 
citclc at £ /t Ts rtquxred to 
prove that AB AG='BD DG-AD* 

Since L BAE= L XAD^ L GAD, therefore by adding z BAG 
to each of these equals we have z EAG=== L BAD 

Join EG, then m thejAs f4f?, BAD, because z EAO= L BAD 
(proved), lAEG’^ lABG m the samo segment [Th 89] 

. the rem L /(7£=tho rem lADB 
.'.the Cx.8 EAG, BAD a.vo equiaugular, \AE AB^AC AD 
.. AB AG-AEAD 

-(DE-AD) AD 
=DE AD-AD^ 

—BD DG-AD^ [Th 75] 

Exercises on Page 305. 

1 . Let ABG bo an isosceles triangle, 
and let D bo any pt in the base It 
13 required to prove that the oir- 
cumsenbed circles of the as ABD, 

AGO are equal 
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Since the lABD—iho and 

those are the angles which the chord AD subtends at the 
circumferences of the circum-circles of the as ABD, ACD 
respectively. 

These circles arc equal 

2. Let ABC be an isosceles triangle, 
and let BD, CD be drawn perp. to AB, 

AG respectively, ft i8 required to 
proue that BG,AD-*2AB DB 

Because ABD, AGD are right angles, 
therefore the pts A, B, D, G are con- 
cyclic, and hence ABDG is a cyclic qnadl. 

.• BG AO-AB DO+AG DB (Th 78) 

=AB DB+AB DB [v DO •DC, & AG=A3 
-2 AB DB. 

3. Let ABGD bo a cyclic quadrila- 
teral having Its diagonals AG, BD at 
right angles to each other, ft is re- 
quired to proue that AB GD+AD BG 
^2 the area of ABGD 

AB.GD-\-AD.BG-AG.BD [Th 78] 

=2 the area of ABGD [Ex. 8, p. 113] 

4. Let ABGD be a cyclic quadrilateral 
such that the diagonal BD bisects AG at 
£. ft IS required to proue that AD AB 
“= DG GB. 

Draw AF, GG perp. to BD. Then in 
the rt. angled as AEF, GEQ because 
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L AEF^ L GEG and the hypobennso AE=GE [Hyp ] 

• tho AS are congruent [Th 17], and AF^^CG, 

If d denotes the diameter of the circle, then AD A B=d AF, 
and DGGB‘=dCG [Th 77] 

Bub AF==GG IProued], AD AB=DQ 

6. Lob ABC be a triangle, and lot A be 
joined to any pb X in BG If r, r' denote 
the circum-radu of the AS ABX, AGX 
respectively, it IS required to prove 
thatrr' = AB AG 

Draw//? perp to AG ltd,d' denote the circum-dia- 
metors of the A ABX, AGX, then 

AB AX-d AD,and AG AX’^d' AD {Th 77) 

. By division we have /IB AC~D D'—rr' 



6. It IS required to construct a tri- 
angle having given the base, the ver- 
tical angle, and the rectangle con- 
tained by the sides. 

Let BG be the given base, and X the 
given angle Upon BG describe a seg- 
ment containing an angle = /.X [Prob 24] Then the dia- 
meter'of this segment, which is tho eirciim-diameter of the 
required triangle, is known 

Again since the product of the sides— the citcm dimeter 
X tho altitude [Th 77] 

the nltilude=:^ll‘l2f_^be sides 
circum-dmmeter ' 



T?rom B draw BF perp to BO, mskincr BF eqnnl to the 
altitude above found. From Fdraw FA pari to BG cutting 
the circle at A, 
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Join /?i5, AG, then ABC la the required triangle. 

7. Let betrro triangles of 

equal area inscribed m a circle It IS re- 
quired to proue that the rectangle 
contained by any two sides of one 
triangle is to the rectangle contain- 
ed by any two sides of other as the 
base of the second is to the base of 
the first. 

Dravr Aid, DU perp to BO and EF; and let d denote the 
diametre of the circle. 

Since aABO—IAM BC,an(\ ii^DEF—'^DUEF 
• AMBG-DUEF,mA \ AldDU^EFBO 
Again since AB,AG=zd Aid, and DE DF=d DU [Th. 77] 



ABJG_D AM_Af<i _EF 
DEDF DUU~DU''BG 


[Froir-sfZ] 


c 1 1 . 1 A BO DF , BO. AO DE 

Similarly it may lie proved that PF~AG' 'ETOF^JB 

8. Let P be any pt on the arc BO of 
the circum-circle of an equilateral tri- 
angle ABO Join AP, BP, and OP. It 
%t required io proved that PB^PO—PA 
Since ABPO is a cychc quadnlateral 
AB re Jr AG PBvzzBO PA [Th 78] 

or AB PG-i-ABJ^B=‘A8 PA 
AB {P0JrPB)~AB PA 
PC^r PB ==> PA 



t AB=AG=BG 3 
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8. Lei ABOD be a cyclic quadnlate- 
tal such tbafc BZ) bitects the lABG 
If A, 6 are fixed pomts, aud B variable 
in position, tt 18 required to prove 
tJtal AB+BC BD ta a constant ratio 
Since L ABD= L GBD, the arc 

>1D=the arc CD, and hence D being the middle pb of the arc 
/C IS a fixed point 

Non ABGD+BG AD=AO BD 
or AB AD+BG AD^AG BD [ 

. AD(AB+BG)=AG BD 
,A8+BG BD=AGAD 

But A, G being fixed points, AC and AD have constant 
lengths, and hence the ratio AG AD is a constant ratio 
/ AB-^BG . BD IS also a constant ratio, 

10 (0 Area of the triangle whose sides are 21', 20' and 18'' 

= iJ(^l+2t>+iaX“^l+^0+13)(2l-20+]3X2l+20-ld) 

[Ex 7, p 111] 


[Th 78 ] 
AD=‘GD2 


X 12 X 14X48 «aI2G sq in. 

21X20X18 

’4a 


/?*-'^CTh 77, Cor)=r ^ ' ^" - ^ -=:^=rI0f 


Co 

0 


4X12b ~ 0 

Area of the triangle whose sides are 30', 25', and 11' 

J(30'f-25^+llX-30+25+ll)(30-25+lL)(30+25-ll> 

[Ex 7, p. Ill] 

=ri jecx 0x16x44=132 sq ft 


R-- 


ABG 


{Th 77,Cor) = 


80X25X11 115 


=-^■=154 ft. 


4a 4x13-2 — 8 

Verify the above results by drawing the figures to some 
convenient scale 





AN IMPORTANT NOTICE. 


Wq have prepared charts containing only ekien 
formuIiB winch vrili enable the students to find the 
areas, the in-radii and the circma-radh of all the 
important regulai figures. These cliarts are offered 
at a very low price of vne anria each. 
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wijjnt ? <Rig Brt qra qF fq^aRT ^r ^ ?t, ^r- 

irSTT ^ ^ ^*1 sit Jirq: »Rpq^ 5FRIT q^lT 

ii^^ft I ra TOq ^ ^ ?^gR-??irn ^ >jt^^Tcft 
I; ^ ^ inn i[^ T^ean-^5^ ^ sirnn ^ I «RFq^ 
qn 3R[?qn ^'t^ ni^'t nm Rnm ^cq lalt it snrft 

t 1 sm: 4ir snarq, iif^ nqgn; qg^qm i?t ^ ? 

11% % %nW qq SRT fq^ I Kiq^ ^TTR-qiR ^ 
fqf^ ?r,% fn t— ^ qwt ^ qiRq% ^ 
^ferfNr dn ^ Rq ^ sTRnrq ^ in^ ? ir? *515 nn l ^isict? 
^ snaqqpr qqir I ! RT^RJiaqr ^ im ^ qt^ 

qq^ f f i^sF nt f? qqt^c ^ sin Tjfe ^ fnirfoi feqr cit 
^nq ^ qf ^ fqfqq rmn ^'t qqqiq q^ Bra% 



( ^ ) 

5^) SI^ % snoft 8^ »nf? f ^ SIT3T 


tf, ^ ^ ?FT?T ^2p5rr«T w»Tf»»r 1 

fgnrftcr ^jsRT I 8W3T ^ ^ sr^Tf % 

snoft 8 ^ qR ^ f^ t, nm ^ sm?JT «, t ^ srfr ^ i 
»in«T ^ 5ctT5T 5n<jft ^ SRWR W5!f55 ^nrer-^TT^ ^ I m% 
^ tTRg^ ^ l?(iT, nf^r^ ^T??R ^ 

ZZ^ ^ RWR RTT^ 357?^ ft* ' 

Rtt ^tT 5Trft % jpR>iT, 8TR m® ?r»T5cr 

jnwt^ri ilht ^ fsn 1 ??ci^ f^ 

8 iRfrH z f 3 5^'^rT^i 

5T^ ^ ^ t I I 

fjw RcT 8 ^ 5 R jj?oi ^5^1?% <r?r^ z ^ 

ft^rt? 55^ ’7^%, 3 3? w^infera !^3T 1 1 iw- 
#r f^R*! Eii^qRT 5 « ^ eiRimfe sRtjET ??n3q- sr^fhr 
ttcft I 1 'TRJI ^ »T57Tt ^ f3=gR ^ 5?7 f I 

^TcRT fsRJn ^ f^RR ^ f R<R 3?nft 5 ^ 'TSSl'i 55737 

5l 875TR3I «?:3 51 ^T^lf ITclhr STT^ft | I 

^ 31^155 77 53 5? ^ # 3W 

^ 8T73t SflhTl $ WcIT^ % f5 

7?^ 3t 531^ 75 5*=^ 7ft 3 «ft, 53HT ?ft 553T ^ 77T ! 75^ 
^ TtR, 33 siV 751 ^ ^31 SRTtE 77 {t^T; ^5R77 
1^7 ^ ‘iT^ 71, 531^ 7# ^ 55T | I 53 % 



( n ) 


^ ^ 

^ ^ ^ 5(ft 3^7^^ it 

77?gf^ 5RRI- <5^ 37^ 

^ «% 3 ^'t s? 5 ?n 7 55 m JRJT 5 T: ^ ^nf^ ^ 

-g^R r it * ^ snpm set ^ ^ sRrrr 

^SIT I ^ g® fe ^TRT C^ f?5T^ apt 575 Tfg Jit I ^ 

515 TTfl tt I % 5?T Jig^ ^ 75^ ^ ^15 ^ 
fi5i<s^?ij [ 5 ttg 55, ^5n aE5T jpn t, gt vrar 5 ^ g^m Tgt 
^ggr ?g5r 5nw ^ 1551 % gt fefTT^ fen 3 ^ g5 
5R^ 5rg7 g^ % fe? §5feg 57^ g7l ? g? SRT «ggg fegt- 
TTtJJ t; 35k g^r ^EWT" ^ ^ gTfTggt tlgST^T gT »Fg fesfi 
snsR ^ fefeg gtJig ^ g^ reggr, g 5 Jft 5 ng 1 1 “ 75^^,” 
•g^ 5gk TT^Tig 7® ggmgrg ^5^, “ gi| 5Trk qrg- gg- 
•sir^ 5ig g f^ ft g fe: J5T ^giJggn 5?n5: 

'7T5r ^ ^5n gig "I ^ ^ gggg ferrg ^ ^ g^f Iq- 5 ?^ 

gfg-gt gig ggrat "I I 7515 , g5ig,5r55, gfeif . gRtgg, ^- 
-5gTg 3 ^ sn’^gsgfen % gg^ ( gSRgf )— % ggTfgJ ggR 
^ g^ g55g 55 ^ ^ gitg-ggg ^ ^'hI'T* I^dW ^ 3^ fg 

( ^ gg ) ^5Tgt ^ gg?i^ gr g?!^ gffe g^ gfr I R 

^ feit^ ^ 5g^ gtw qgr gig, gigg ^ g^ig; g^ra- 
:5:5gg ^ ^ ^ggi grfer I X X5ig^ 75 gr 7515 ^ g55i 7 % 
^ fer ^-gi^ Tmt ^ 57^^^, gXTt gf 7c^5SI|ETg-55gg 



-( ^ ) 

¥T ^ I ^ ^ 

Sign ^r^EHT 1 1 »ite-'=sRT^^ 

^ fqr sr 5 ‘?'fl ^ 5 T|r 3 Rn?rr? 

ST^ ^ viR % ^ nte, f^^nr ^ =aw^^ g an ? ante 

araft 'a?Tn % f f%^ siTn nt ^ 

an^-^TT ^-vnr n^n '^nr 1 1 
tTc«R ( Pebble ) ^at Ingsf 5! nft ^ I I ng ^5n nl9f, 
gn^^f 5 nn ? stir arfe s|)f aEin 
^ RtJRn jfJ, ^ gn R^, nt ?S ami gntm 

1 1 nf* wisnt I f« Rm — n^' Rnn aimr sir^n ?nt n 

^ q^ “asm ebt ^rt ^ jsfst ni, n^n-^ 5i$V-#ri 

nR 5 t 5^ RRft ‘s^rn nt n?nT s^ nt^ tR f^^asat | 1 

RTqms sr? f5?ft ^ cr^ ^gr 1 n anf an 
qnft 3 ^ q^ aft ^1 nial ^ a^t^r = 35 ^ ^ ^ nar, ar^f-^ 
a? qiiJ slst nqt .S an q|aT l #31 3 ^ aal 

a^ ^ Rat I 5R emw Rna a^ ^ rh? n fanea-faRst 
aR% al^-#^ T# art?: 3 r^ ^rqnaa ac fa^- 
aRRqR gt aat I ^ a^R a? 3 i1r-r2tr ^ai-an^qR s^ar 
aai,’ fa^ ^ 1 1 a^R at! ^ ag aiRa sn qar ^ 

gS ag {rr nar 1 ajn^ 33 I a ttnr arl?: aR^ Rta- 
Ria agar Tgar aa # ag ^ # 2 t glaT Rtai a^r 

ana ^ ^ EpT aa*^ «ia^ ar?a vrrgal % Ria Rgg-as ^ 



< ^ ) 


% 3Tfc?S 1 1 ”® 

q-o ^4 T g!tgig »‘ 9FT 555Tr I — “sRra ^ ^sr 

3n^ smi t, oq tr?i^ < 3 ^^ gsn 5r|?r*^0 

5 ^ 5?T siq^ sira'-qra’ ^ 5?m 

5 ?” t f^Rqmarf % ^=^ 5 ^ «T? 3nij^ jpt s^Ri?nr »ft 
I I ^rrsi ^2 ^ ^ 5?^ ^ sjq^js^q- 

%, % ^intcHT qjT qRoim 1 1 jn^-snf^-^nir 
sn^-^wfk-qn^er, fq^w % 5^1 ^ fqvmrr m qw ^ 

5^1^ qiwqr ^ ^ siq^r a&t qsT ^ ^• 

^^ET ?r?R ®Ct SET q?TT snnsn 1 1 

j 

^'t qftvr % get e^ t, 3qgcq fast 

3IT3T f ?T t ^ ^ STTT^^ ^ tTt SI^ aiT 5rt 

t I 31T^T»T ^ g> qTcngRiq ^ ?II JT^cq 51 3ff, 
sftq-STS^ ¥if q?T SI t I 3TS ^ IJfC qt siRTVr gSH \ 

® Letters from a Father to his daughter, pp 3-T. 

[ q® ^TqT^i^inii iqqqr % %, qiiqq q|?fT ^ 

^ ttUT I qt^*T s^ q? 3?TqspT qnqq ar3?3T 3fi f^ 
qr^ ^ q^-w^iq % ^qqt ^ ^ qsi^tq ^ 
qT?i fqjqr qr > :Jsi^ ^ ^ srarf^q it l<sr sfi^ ^ , 

m g^isq E5;f fqqi | I ] 

i‘ qt^, ^ y 


( ) 

^ricimot TRT — ^ ?n<T 

^ fqf^ 8irf f^5%cT 

it I 'Tf^f 'iWt mni sum I, ^ 

5EI 3i?tt f ^r I Jif eft % fft^RT ^ ^rr 1 1 Tgsft ^ 

’^5 feiT ?ls s?k ^*i«T^ gi® sRsgn ^ RTVRTtr 

’^|er ^si 3n?RJT^ Rsfe^ft ^ 3FJT gSIT I ..|^ q-STIej; flf # 

?ft ^ ?3rT§t gis ^'nft q?t stqiV it i Hcg^iei; f^cr 
5?! R ^JRq'fft-SIlTcr $ 7 ^ STT^5T5T ^THT ^ 

s'? ft, R^nr |t i s^r ?{(n ^ 

m «rsii?i; gftr % ^wnr fts ft ( Repti- 

les ) 5St 3T-TT |S1I I 'K5!'5^ ^ft 31^ f ^ |5 fftSJift 
^ift tlljaft ^ ai^R ^ 5Rft 9{^ ft IT^cq- ^ STgai7 
§«« \”^ ft ^1 eft, W( 31R«T ^eqi^ SIlfai?ft 

ft fSlT, ftie ?TR^, R^eRsft? 3^1 ^RePT JJTrftftf ft iftfftv^ 

Sl^RI ft ft JJ|wi«JTlT 5Tr ugi:>ft ^ ST^eROr 

^«n 1 1 31^ fftq5i-y^j<? I — siIt, 5?tft 3ig^, ng^q- ^r^er? 

^ft Sfl^'t qTr sn^fl 31% ?r€^=eTfT ^ 1 1 

snoft STRT'tTRr qft ( The Organism 

and its environment ) , ft Rr^R ft gfl 1 1 

S^^T), qg-4l m 3igeIR, 50 ? 5^ r 
t New Age Cyclopaedia ( Vol. IV ), P^ 299. 



( ^ ) 

I 

Tzap ^ ^ ?pntn ^.sngar 

% f?«c ^ =3^^ ^ Wen 1 1 n ???• arm- 

I f^ ^ '?Kajrcnr ftnnr ^ a^ggir ann ^n^, arft nt ^f^m- 

1 1 1 15 'rRf^ra ^ 

SJHT I, snmt 51 ^!Rk*TWTT vft snefr 

I — aflik W^gRtl^ TORT % ^ 

^ ^ 55nTnK ar^ Wtt ^ 3^ mftnm % ^ ^ 

a?^ CIT^ "I I ^5Rr5T^ ^ 3J35 apctfvn | I s:#pt «IfiJy5 

^ ^»TfaT5 ^3T5 « f^ apH I, RI^ ^ ^ qR3^V 

^ n gifern 1 1 

«ngpr^ ^ ^ JifnqT^ qraw ^ f«iT t; aw 
% ?Tt^ ^T t, W3R ^f§ai ST5^ I I ^ 55qr3T 
nt 3^ ere^ ^ 33 ^ afr, 5533 T fSIT a»ik s^^fkRT 

^ 35fi% T^ I 3^ nan f^5Tnan^ fagpr^^isn ^ 

iM^ar ^ srmoTT ^ ^5Rr 5T i^qs 3 ^ nr 

5^ I f5 ng«n tO ^ wkm I artr 

3?i5T f^R nawt ^ ga(n 1 1 n^ qgsn a?5cnr 5 
?J5 5T 5Tt SnpT 333T- f, mr^ 3, fnf^ 3 g[T^ ^o i f 
3TO ^ ^nwTn mi 1 1 nt#, n ^ ^ 'a'tf 

% ^ ^ ?T5Pn ^ 313% a^ rr ngw % n^rsr 5 t 
f3^5Rt %; W mtn^Tnarf ^ #n apx ^ TWT5 g^an 5T%- 



( ST ) 

^1? ^ ^ 1 1 I 

f 

qgftfr S fflfin ?r?? ?r ^ I, arq-fft moft 

t, f ^R*! ^cT t ^ ^ CHlt BtspI ST^ 

% — ??7^ t I f«5ft goT 5ET SBfT'5?n^ fkw^T ?it fJT 

37gc?if $ Iiqr^ ^ ^ I ^ Efpift-f % 

^ ^ 31*11^ a^? 5 a^t, ^ fira^n 3 ^T5jt aRcR 

aci5it| 1 

^|r ^ aricff m si^ g^c?^ & 1 1 

•g^a:? % hkrui ^air ( »5wo ;tfto 

glo ) 1^ T^^r % mfpr % ar^tjg 3?i:5T ^si % 

•^nai §T ?R5s 1 1 3r?r sj^'i 8 ®r^€ 

S^cri tj ^ an<7isTr S ^sr^ srti^ I i 

grar 1 1 arraair ^ i^rct ^ mq-^ 
sff^ g^H^ ^ arrviR qr, JRist 5 fe^r 1 ^ 
^ar TRT^-wirqqf ^ f «n, ^a=^-vrrft art 5??r& wraT ^ 
^ ff^ ^ 3'^eit ^ snq^ ansr^ fs^^^-sigqr^ ^ 
angr afT 1 1 sig^^c ^ f5a=^-^q arbj^^ 1 1 

wTcT «n;T ^ 1 1 ^CT5r^ m f«ri 

•|, arf fqqi? ^ sad ?5T I I Wqr% % ^or arg^q- ^g- 

qicT ^ 3^t ^^<5 

g^qi ^ Bretw q>T^ ^ i ^nsi ^ 

afi 3iq^ 3^ ^ fe 5 R 5 T 52 ^ ^-qsaft ^f}jlT & 



( ^ ) 

t I ^Htq 1 15 ^ % 

5n'3 5^ wt fns snfr qrcft i si^ s^cf^ ^ ^ ^ sm 

^ Pt!m ?Fn 1 1 !n?n ^ si^f gsn 

^ ^ mm^ »Fn t f5^gmp^?T, 

?n?^ ^ 1 1 ?nJT sr^f st^?t |t, iw5T^tf^*f 

tR ^ ^ nf 1 1 srm ^ qr ^rt ^5IT I 
15 R5T^RT^ 5T TO5'?r 55^517 smiw ^ I, 5r#n- 

Rra; 7T?n 1 1 ?Tf t t 5 ^-f^t^r % S 

^ ?T?ft 55 sniT5 ^ ft t, 5tr 15 

515% Cl tral 5(1 l 5T 55 I, ** %5T5 % 5m 
55% ^ 55T5t ?55 | I %5T5 % 5m ^ 

55% #5 5^55 I, tt 555% tt 55^ t l” 55!%, 

55^ 5 5t 55 5K%T% 55r%^ t, 55%5%aT^ ?> 5! 55% 
tt5t, ^ 5’^'t 5 tW! 5t 555% t%) I STRTT 

I, 5f5T 5T 5515X5 ^ 5X551 % f 5 5^^=^ SX5JX! 5T 

^ % 55X5 B5n?ft 55X5X7*1%:^ f55X: %5XT I 




9 



'55 

/ 

B 

% mm 




v~-5n^^ % mm 


^ ‘^5’ ^RFTm?c 

' ?or' 

B — rqs SIin^JT 


vs — s3T 

' ’‘1'/o 

d~-Tl^G?I ^m' 

^6(-vs 

\ — ^ ? 


^ ffe 


513^ ^F13R 

' ^.'^W 


' ' \'^\S> 




\ 



?ig^ ^ ^ 'K 

^ — |^lTi55fT 

v*— -??5^ 3CT JW-^ 

— ferf^ srt Wf % W^cTTC :3ii¥l JT^efcIT 

^o — ^ f^W 


3.» 

^8 

' > ^ 

88^ 

88 

8H 

*r 

85 

^\» 


— ^Tfl ^ flpW , V> 

\ \ — srai?: % 

^8 — ^ ^K ^ ^ ^ \% 

'r^'t ?:«T S'* 


^S — ‘g^l’ W^ ^o8 

"<'* — ‘^’ 'T^ ^08 


U ?T§G3i 


^S — TrtR^T^ 

*N 


■So — % 




( > 


« 

■^.\»— 50? ^ 

^.<2 — ^ WflT % ^ ? 

OTftr^ % ^fm^ 

^o— ^T^Gcr ^ ipfem ^ im ^ 



^ ^ — - ^ — ^v - 

TT5j5[r ?r JPT ^ fte 

^ jt 4 ( ^m . ) 

^'A— ^ 5n ^iqT^ 

— 5 ?T^— % 'fR^K 
— iwfepT % 5n?^ 

^ 5fT^ qj^^c-Tr^wf 

^ 5ff3^3^ 5?^ ^ 

•Vo— =qR^ 


^6o 

?vs^ 

^vsvs 

n° 

n^ 

ns 

n^* 

^oo 
o o 
So It 






1 / 






I ^RTCr ^ I 

S % «K^ ^ 3^5% 1^, ^ f^isrerarr? ^ g 

fi ?«rR t, ??r?r ^^3r t H 

5*n‘r¥cfr I ^ ji^pict Jni%-?TT«i, | 

^5rfqf^-?ir^ ^,^ i3ppi?[ni%^ w t qrftr- 
3[n^, % 5KT ^ ?% 

f?r^ fep I, ergriT q? ^ s^jq$ ^ ^ 

T% ^rq'h ^ q^ apft sit?T-qp w gq 

fw Jf I XX q?' q ?tt #rf «nqi% ^r 
«rT 5 ^^ ?7 «Tfr f^^PTffsrrq: qr 

I ^qrf^ f 1 X X 


i 


X X x?ff ra?[rq{%^R^^^^«fq-vr^rqR^- 
3 ^ris ¥)■ wqqr fq^^<!t q^ q| f | fq^gqrq q ;g;{V 
% aicf ^3^% ^ fsRTf^ sR^ f^r |;l X X 


I XXX ^^T q ?t^R ^x #15 

J ^ (Iq epqi g?q qr, (q^sqiq q qiq^ ^x ^5 
j qqtr ?fuir ?r qqr f^r sri^ q 3% ?nfr qqq 
qqiq jrt??? Jr q|>qq gq qf— ?pqr%qr 


’R *n^r ^ qqr I 


.J^ 


TVf "o lui-R^ WJtm:»'»-mt»T tBmt »'WH-WT» a » way WT g»r i r-|»-n wf 03»ir»y 




« 

^ ^ ^ ^ ^ 

* ' f ? > « 

% 'T^ f^^snt ^ I f^Tvr-fiivf 

f j 1 ^ ^ 

% ^g?iK, te-f^ ?Tf^H qnfeoi tor 1 1 ^ 
i[??ir ,% ^nr, q^rff^sim-Jat^ ^ q^«u ^ f|5!r% 

3>T ^ 5[^ ^w % 

^ > 1 

^Iwr mi 1 1 ^ ^4- 

^?5 ^ ^ 1,1 ^ 51^ 

^ ^ ^ ^ ^ '^^STT ^ 








I ^ ^ ^r?T ^TPit 

^ ^■— I ' 

^ ^^01 ^r, ^ ’IT h;^ T^»n i 

^ 5TT^ :{T3^ ^ 521^^ ^ ^TT ^ ^ 

^ITOT t, ^ f^ ^ ^e? TT^f^ ^<1 ^ 

f^T Tpn t • ^ ^ RTf^pff 

( ^^fl?Tt ) ^ ^?fT f, ^WFi^Wr ^ 

^ % ’^i^T sn^Ti ^ ^t«?f ^ TWT' 

^ f^6^ ’T'lT 1 1 5TO 

^ ^ ^ ^ ^ I ^ Sdf^^ % 

TWR^ ^ 5R ^nf^ 

tor^ ^ |,>f^ 1 5nf^5RT ^ ( ^T 

’snf? ) ^ ^1:3^ w I i ^ ^ 

Wk ^|T *T5?T I, TIS? ^ ^ ‘Wt^T 

M 51^ «rTqf%-^ ^ I \ I 

^ s[^ ^ ^ v{]nmi ^ ^ 

qr 1 ^ 

5 ?^?: ^m\ ^ I, stpjTt 

f?Tq ^gR^qf^qrf^^ 
^ Is ^ ^qq> q?Rq feqff tig'T ffiiot, ' ^ qq?-^ ^ 





I 1 ^ q^T q?: STIR ^ 

f 

#71, 5lt «Ic?I5=<r^ ^ ^IRT- 

,fv»7rqqi?fT I; ^ 

^ 5ng^"tq^Ht ^Tr ^ ^ 

5n%qT^ it ^ ^ mR-hw? 

^ 1 1 sqftpiT ^ ^ 

’ ' j ^ 

fvf% ^ 5R^ % ^ 

^ 1 i 

it k f^il it ^ix qf?T i ^ fiFfr ^ 


1 

«T^ t; ^ ^ ^Rjpp?i 

V j \ t/ 

5iTf^^ I ^sri^r ^ ?rq5 ^fejTt^ 5?^ it^ » 

' ’ '■ ' ' n ' 

f^ • n ii r. - r f*'-. ■ . ... f t ,, , . yy „ , __ A , ■,., - , . , f j. 

1^ jqo ^ q 5RW 5TO 51^ ^ f I ^ SIFIIT 
qr qRT % r\t ?T qRl ^sm I I J(Rk 

1 . ' i 

^^, q^ vTt 5J5T ^RT ^,1. I 

t* K ^ 

5R?: ^ q?: q^ ?fk ^ ’^rn?: 

^ ^ ^ qqi f% ’SRq snan 
q^T RR, q'tq, €t fqRR ^ t ^ 

^ ^ qr ^qq qq q?7q^ ^ 1 1 

kl qR! q^qi ^iqr ^ ^ qri ^ qpT ^IR ^ 

■" f 

1 ^ ^?qq |, qtft ^ q?| 5 ^ ^ 

»RRi ^ ^ qr q<iq< ^ f 1 



* < tv * 

^ 5iT^ ^ 

J’''" !■> i ' . 

m ^ 5ft% ^ 5^1 w 

W ^ 51^ ^ ^i, ^ 

# ^sm I ^7. ^ ?T ter'^I^JiT 

^ ^ ^ciT,t I 

^ ^??T5T t, ?fo k TTHrai^fW 

I i s??% ?rr^' ^ ’^f I, '!« 

iit ^ t > it ^ 

^ ^ p' ^ 

nsTT t, ^ ^ *i^rrT ^ ?ncfi k ' vJt'^ 
Wt ^ *r,’^r 

’’’ ♦ ^ ^ ' >N- lY 

^ ^ ^?iT-^r^ ^5n^-=5n'75f ^ f 
Amoeba ' 

^^\m, €t pTT ’ ^c?j?a 


inf&i^ ^ ■3^Ta?‘?u, q??§ 5Tt sncffi ?;?f^ 

/ , V , ^ ^ ^ 

^R # #i[H ^ 5 ^ 5^4 qis^ ^ i 

ftig-, ^ W ^'>t^ sn# 

ift 3n^-?jfs 4 f^it ^ I 4t 4|, # 

%, t J ^ ?r5^ '4 g1 4{q4t’ 5% 

% ^ 4t #=^ ?ami m 4??: f^t 1 1 








Hcqf% 





d ^ ^oK ?TH o =?^ sm ^soT t — 

% ^ dr^ vr^ %% *5^ 1^ ^ f ’ g#r^ R 

teK fer ;5TFT7TI { 

^*1 5?n% 0 ?: t% d, 

^ ^ fn^ ^ ^ Hr#T ^ Vfr ^Hdf^ f%%f-c 
^ROT t; ORg f^RTK-^ % ^Wt ^ ^ JT^ ^ 

^ st^=^ 1 !p0T sm^, ^ INk 

^ Wl, JiTR^ ?r ?R <13: ^ faRK 

f ^ ^ % dar d %?R ^ ^fe ^ it ? ^ 

Sl^ ’S0^4%S faRRT5% 0^75 RFT ^ ^ I l^ITR 

€t 55rR ^ ^ farm ^ ^ I f^f%Bt 
RT 10 €t ^sm ir{ ?TH %?r t 

% ^ f^r^ an cTf ^ Htqf% s§ ^ f^F?: * 3 %- 

% ^ |i i ^ dd ^rd ^ ^ld^< aid' ^ 

f^ ^ ’R fsRK ^RTT t ^ d ^ O?: aid I f% 

3^ ^ ^ mfirraf % dR ^ ^ gfr 

^«TO?d ^ ^TREF f%n t ^ %H OTO ^ 

^ ’SRR f^R ^ f^Ri§ q? ad I ^ 





5TM-^ ^ i«IT ^ ’?^^T I ^3^1% f^-f^TR 

^ ^ ^JT ? 

5j?iT q?; ^ ^ 

^ ^ ^ ^'^n: ^ 1 1 ^ ?i^ 

^-^S^.'^ipr ^ 5«^).| ^5^?!,% 

^ K *v if ^ €\^ 5T^r, ^ aft ’qi?: «nw 

«tFI-q^ qg; 3?ft cqt ^ =q^ «IT ^ I 
^ Jl^nq % = 2 ft ^irsT g-iT aft 

^ an, , .wa=ai 

f I ^ fqfcr snsR w i^ f, ^ % 

sn^ ft aft q ^ sma: ft i ’srrn ^ ‘i^r^n’ ^ 

ftanft 1-^^ ^ aft ft qaift^j?; ft x^ 

ft^n qjf ft«T ^ aTT I ^ sft ‘ft^j^g’ ^ft t 
^snfft-gajq aft ?nm % ft i arcFiq (% 

^ ^ na^-nair% ,5ft qff^qftr n:ftsnnjt ^ fenna. ^ft|, 
![^ ^qft% ^ % 5 m?p»T ft ^ ft, ?ft^ ftft-cr < 

ftfe ft ^ qftnR ^'k-a?fe nrftf fftasiK-?n^ 

I j a?^ ^ qq> rq=qR-:^'T |i I qa: fftqft^ aft 

1 1 nsr q^; ,f% i^ar ^ snaft qntqfe 



t, /^ii:^, ’sr^ ^5^ sn^— — «EI^ ^ 
ym tg fe^If^ 51 ^ I ^5q?T5{T?irT 

^K ^t ^551^ ^ f^- 

^ i 

«raT ^ nt I, ^ ^ 1^-511^ 5f qj I 

■j •• ,1 1 

'^^Rr $ gsRqf^ snlw ^ Jiitf r-^5r %r-^ 

^T, ^5nfcK ^ 5n?!fT ^ 

c I , , » 

p5T^5?n^ 3U ^5(t^^% ^?U^5n55»T% 

q5P^^ t?# ^ ^ ^rsT- STM 

If *■ * k < - '•% t 7 

5nWt ^ q5Rq^ qq^f^Rnn 1 1 
^ ^qf% % ^ q5:^q5: 

'^qqfri^fl' ■3q^5vr |: ^f^Tfj, ^?: ’sqqf^ 

tr' » t ' I ». ^ ^ 

^qK ^ ^ sqrt I m, ^ 

fqj ^'k-^fe ^ ^R«T ^ ^ ^rsr- 
^q^ w qy qf^skfl f?IT I jmsft 

. qq»-Mf^l«?T % kiqq q^?: ?iT3T 

It ’’'''', 

qkqj ^ ^g % ^TRwr ^ i^K q 5^ ^ ^ fkfesr 

t ^ - , 1 . ' > 

-kqr «n ^ kr^r ?i?p ( grrkqf qr ) 

^ k| 1 1 ^5B% kkk, ^fRT 

s' \ t I ^ 

^ f% ^ ^ WW^K qRq^ ^BT =q^T m ^ 





%te 

Wt' ^tcRTT ^T^IT, ’OR-^ W^-W. Tif I 

^T^iTRn: ■JJW R ^ gt ^ % 

W^T ^ 1^; ^'^W '^isT S' 

^ % ^iROI, «n«T ^ ^ ^RR ^ 

•3^ ^ 1 1 ^ f% ^ 

'If ?ft I, ^ f^jjT % 

^if*i^ ^ ’itf R jnfMt ^ R ’S i^T «n i- 

'Rj^ ■S^ ^ ^RqR#5R> ?5T 51^‘q^- 

f^R ^i ^R f% ^'t ^ ^ %^-f^ 

^^ITRR R sr^ ^ ^ RM t, w- 

■5^^, -SR ^ RRRIR ^ ^ R, W S fR 

- 'T f 

■^R % ^q R ^RqjT fqf^ § ?fit i ?r ^ 

rW ^ ^qqfR qjT ^ RTR ‘l%qiTRRif’ 1 1 
R^^-Riqi^Jll; ^VfRq^'srql-— RRI^ j^RTR . 

■^fl Sit I^ ^ ‘ gS4^^R ’ '( Evolution > 

» f^-RsSrqR ^ I 





30^ % ti t~f%^ftids«n 

it ^ ^ ^ §^HT ! ^ 5t^, ^- 

q?: s^ pn — fwt ^ 

fnqj^ ^ 

^ TT I ^ % SFf 

q?r4-^n^ ^ ^ sR^-^qj ^tr 

n I iq^; 

^ fW^t Imr iTwr ^ qr# ^ qftq^ 

s^ |q if qqjK ^ ?j| ^ ^>??r 

??T ^rrfa qJT ^?T5T^^ 1 1 

ij •sqqf^'i qq f^^T m\ I, 

qr, ^q if q^ ^ stfc in?sjr ^fqf, ^q % 

fqiWq^ ^iff i 

qqffqj, ^'fsR-^r^r q, % ■sqgHK^qqrar 

TT ( 

#cR ^ ^ qr^ f fq^Rraqrq % 

^ f%# qqj qFITt ^ q %q^ ^I?q qT%aT q^t 

^ % qf^qj fEi qTi 

Kff ^ ^q % ^I3HT?: §t I I q^ ^ €f ^rqq ^"iqq q 

v^ r 

^f^ 5 ft H 35^, ^;;?T % ^g ^ jJjdlq % q^ 

q^qq: ‘351^ ^ ^ qcSTsr f^?qi| q^f ^ % 



* I 

^ qr ^ ^ ^ Ct ^ t 

^ ^ 1 1 ^ 
t f% fk^ k. f^TJ^ % ^K kf ^ 3apT ^ 

1 1 , ^ 

"Sint ^ ^1 ^ ^ it 1^ ^Cf 

f^l ^^€[ gr TT?!^^ ?ii; ?[Ct ^ ^T p 

I ^qHT f€ ^?:'J5: ^^-^5 

^ ^iT ^ ^ I, t?r %rT 

1 1 ^ % ^jm ^ ^ 

^'rjt ^m^ ij 'srraT 1 1 ^ smK i^TTOJ ^ 

' I > 

^?rr ^ 35 'T ^ ^ gcq cr: 

ffi 1 ^"T, % I W igWJT foTJ? 

m ^,§5=?^-?5»T^5 3G(^?iR |T ^ 1 

' ' i >. ‘^ 

5^5? ??lt iHt f% |»T T-'^^ra^r ’K 

’ ' ^ I ! < ' < 

iT srrt ^ I ! q??^ 7?nrr n^'t f^jft 

^ ’ijEO I, ^ 4fT fi|r ^fRiT 9 

^ s^K, |fnd ^ ^ ^ ^ Slcfl 

^ n ^ifr, T^ ^ ^ ?S5F?TT t •? 

% TT^^K, ^ q?: 

vv qq ^ st ^ ^ 1 1 €q, 



5fnT^?: tf ^ t ? 

53Rr^ f% ^ ■Sc’^f^ ^ ^ ^ ^ 

wrfW Hf I *3^ w^''^ tt ^ ^ ^ 

€^fn f^ k 'i^ 5[nPT9ft?: ’?ri^ «ra^c??i^ 

t 1 ^pR, e 'TTS^ 

^in?i ^ Km 1 1 

f% 5ft^«?lf5 ^ ^qf^ % ?f#y 

^ ^5t'% 5d^ q|g Fr#t"^ra ^ 

^ tCt I 1 t# Soo 

^ I ^?i% 5F«T *r q^ ^iqf%- 

f^pqR gt ^ I; q^3 ^ ^ | 

!|5ET^ W^R ?TR ^R ^ ^ f^^FT- 

an^ % qR ^ ^ '=R% m ^ «iHt*^ qj^qR 
€i 1 1 m JRSRFR km^ fqqiT^R^ % ^-4?? 

qj§T-^ t, f^cT qtfe R ^§;T 
^=a sf^'Ref I, H%q ^ ^ ' qq^R ^r 

“ ^ ^ ^ ^ ^ it, RRqfiRt ^ ^q{% Rif^UR ^ 
q# it I rW ^ ^ q# 51^ ^ % 5RR fqj? 



5ngr?r-{^sw« 


^,^5 .'mK ^ ^ ^ 

^ ^ tecTT-^^rat ^ 

fT ^?Tf % JPSIT ^ t ^ =fH% 

¥ 

^ ^ ^'t Jli-f I 

, - ^ ^ ^ gr ?rc 

■| (% 5j('^ vrw?TT % ^fr4^ 

^ I, §HT f% fc(^ ^ 

[jfTcTT-^^??!’ ^ 31^15 Ol^ ^ JI^ ^JTT — “ fMV- 

Oiqfe 71^ I ^ fg^Tarai^ % 

•fy^F^r ^ ^ 1 1 ^hsTT k TFn^^iK ^nsp^T ^ 

7^, ^ ?ft;T 3151 ^ ^ tr# 

W f^ ^ 

‘51^’ 1 1 ^ 7-5T, ^nr ^ thfth^ Jr 

|| <3^ 51^ ^ ^ sr^ ^ 5nfr, 

^ f%33t ^ ^ 'sn^ q?: 

I I ^k f^jfT W 57f??5 7?% I 

^ aeq-^ k7^ 1 1 ^ 51^ 5HT7?q % ^8R 

•» 

' <S ‘qrqK^Jl^ ^ ?afe55lH’ (Pioneers of Evolutioi, — 
j Edward Clodd ) ^ I , 



w mi 

?iCt '^II^lT I . ^if^, (k*6W51?,% ?TT , ^ 

fk^ gg ’TS-m ^ ;^RT 

mK *# ^ ^ ^ w 

1^ ^ ^ ^’'■ir 5^ ^'t ^'r 

|| 1 5r^ 3 ?iCt 

^iTt, ,la-l^, ’siif? ^ p, 

^R:, ?OTi5^ snftri^ ^T^cT 

i” ^ qr^ I ^ ^Ct 

i%«Ta^f^r ^T 5iHh ^qrjT^'t k 

1^ I, . ^«iT?i^5i^^ ^mm 51?^ it I, . ^ 

3iHk ^rgaia^a 1 1 

1 . ^ ^qqrfw 

■51^ '51^ 511=^^^ ^-,^'t fiT^ I gt m 

^ gr *iR5n ^ aigr % ^ w^j «raH 
logis^) g^ ^ ^ ^ qpfi w;f% Ct «fr, 
gaaf^ g> ^ a^ sr^Ti ^ %, ^^ g isfr 

% ^ittr ?nt I ^k. gr? % ^ ^ 





V 

|r m ^ 

^cqj% % ' ^ t ^ ^ 

spqf^cr ^ ? q|^T ^iwr^cT' ^ ^ ‘ qr^q^r ’ 

f^fecT g?k t^rrl'^ % f^iT 

w^ ^ ^ ?aT?^T ^ ^T?^'t I ‘qr?- 

’ q ^n^T I f% “ ‘??fe % ^^»»T ^ ' 5R^^ qnift 

t^?: ^ JScT^ ^q H ^ 5!^ ” 1^?: ^ wt 

5^RT ^5f3T 1 1 qtq ^ ^f?jrqT^ 

'5r5€nf^*f % ’aiJR qger ?TfJ fq^raqr^ wi ?[ 

«%, m ^12?^ '? ’R'g ^ ^i5?r 

w I qpr ^ q^ W ■scqvT |i'i 

^ wfecT omr f^, ^’^^qqcq^ qfcTT 

I, ■^qq^ ^ ^q5!n 1 1 gq 

'sqqf^ q^ ^ ^ 5 tt^ ^ i 

5!i1%.^ qfwmF ^ q^ ^ f^q>TOqi? % m 

5Tqq>‘?TI^ ^ I I ^ ’ST^ 

% STO f ^ qq e qi^ ^ qqr^q ^ q^T t‘l f^I«F 





(SPJI^^) ^ ^3?T5{ ^ I, ^ ^5 — 

^ 531^ ^ Ct-i ^P55ff I to't ^ srnijt 

i f ?T ^it fee ^T5<IR ^ 

^ ^ ?T^r‘^at i ^^i^^^ijFT, ^ 

®f^ ^ ^ ^ «Tt^T*^ «ptr: 

^ % I ^^ 1 % j?c^ 52 n% ^ 

m ’«r^f^ ^ I- 1 «5r5RT 

I r • 

^ ^i?s^ 'wfk ^ f I ^«s-qtcr 

^pr. ^ ^ ^ ^ t, ^ ^ |, I 

^ ^ f% ^ ^ ?ii?n-P^ % f^-fi^« ^ ^ 

%i-^ ’sryg^, ^ ^ ^ Ij 
1^ ^ ^ 1 1 f^ 

^ 1 1% ic^ ^ ^r-f^ % ^ 

^ d ^ ^ '^^?5 $ ^ 

w i?M-to% yp-^msor |i 

s?i{^ ^ w I ^ 5^ ,STO 

^ ftn; ^ #?iT5^ ^TT ,5n3ct ^ f% 

^ m% s^-5??fe^.55 5 p?r: 





^ ^ ^ 5? f% ^ 

^ ^fr ^ ^5T ^ it I 

:n5tf ^ ^ ^ ^ g 

STTfNT ^ ^ ^ ;3ITf^ g 'af^TvT 



< ‘> ^ ^ ^T^r^PR Rcftcl ^ ^ «IT ^ 

5Tt q|5(t I ^ 

b^-TTPi 1 1 I f% ^ qt 

#T 5n« ^ ^qrpc ( ^,=i"»,ooo ) 5PCK.% smift 
W ( ^0,00,000 ) SPER % qq^MRf 'fJl^‘|; 
% «ig?jR qpn 5Tm ^ ^ 
SR^ fqR^ t^ ^q ^ ^ f%qT |, ^ 

^ qic qrqqr q^qr f% t^?: ^ 
vfi’^ qR f^iqkr-^ q^ fern 

»T?q;| ( 'iT^raq^'t ) % ^"k ^ q ^T I ^ qgt^ 
^qR ^c wiqr ^ q^ 1 «fk t%«BRr- 
qR'^'^ 5Rq qjT ^ ^=5R firarai t q^ |q^'^ ^ 

%lf^ 'qqtqtq^R^ I— ^^fh^: Wt 





^?T^|5F |l I I f^RT m t ^ 

wn^, TiFi^Jai’s? f«75T — 

wHy 5? ^ I, 

5wi^ 

'fe^lT I . ' ' 

k ^ 5tw: ^ 5EW^ (¥5 ar: ^iFl, 

‘^% ^T ^ fw, q??i f ?w ^ ^ ^nf ’w ^*n«n?i ^ 
^!=^ 5(^5ra: ?tWTn't ^ 
qt 5:iP5nr 5[^; «ra«^q,‘ «l^qROI ^ 

51^^ siqtqfiTS 5lcq^lWH5^ ^ 

W q qfi t ftR fSJ ^>n ^ f^^IHsn^ % 51% 

^ ^ it ^ ^ ^ ^ ^ ^ % 

^ I qqT ^3^ ?Rrcni qq? 

I? ^ ^ ?IRq % ^ 

^ q <|I S q^ ^‘^qroj k 

WT ^ ^ qSR ^2? ^ 

qFl^-§5rf^ ^?:, 

-:5^I% ^qt ^!% |t fe fqmqi^qr « ^ 





^ ^ 5firam'^ ^fr^ ■OTf^er 

5nff f^!in4t Cl TPiT 1^ — ^ g^p ^ ^ 53 ^ 

^ f^f^T^lcfT^ ^ ^jf»I5 ^r«lcJ ^ I ‘^TT 3^ 

I ^ »TC^ ^ sppH, ^Pf 

^ ^ 5lfcrTT3^ ^ 

«n i «tc I Pp f^-^5?PT ^ vsfra^?: 

^ ^ ^^fTt C® ^ 

‘T?: 5r^f^ ?Tf^ ^ ‘snPw «J5f’ '*< Origin, of 
spectes ) ;im^ 3^ ^ JT^ItI, *3^ ncT-^rarofT ^ iW>T-. 

*^| 5T TT^ 1^ ‘PTOJ 5|T I 

^ 2TC ^ ^ ^ 'TfeTJI353 , SII^- 

^?wfcnnm-% ^ ^ ^?: smpir ^ 

^ ^ ^ gw^tcT fifg ^ ^- 

% «M3«w .tsjTO ^ ^ 

1 1 < 

* * 1 ^ > 

® ?*l.^ 5^5 ^ fe# |q ^iT% « ?pR^ «fn^ 

^ a^t^•’^5^^ srqtrfer ?7?Tg^ ^r mfe^f ^ 1 1 

f 

tngq 2^ Mr?j3j ^ ^5Er^ ^TRrgf ( i^rgrm^Twr ) w 

feqi I I «itsT qrET I qs W 

vifrlqrr qr, jrjh m sn^'tFt srw % 

^ ^ I 





I; ^ ^ ^ ^ 

^ ^ ^ ^ ^T 1 1 

^ ^ 5f ^ flTJikiT ^ 

iS 1% I »' 'T^ ^ ^W?T f^nCRI^ % «Rf 

5WK ^ ^ «n, ^ dl: "^ ^ 

^'arp I ^ 1 < . 

f- . ^ifrl ^ ^ ^T 

% ^ d #, % w-^, 

^ ^ ^ ^ ^- 

'w ^ ^ STT I 3n3 % !^i|ei 

5p«%<flw: ^ suH’C? »i^r » 

^ «ik ^ ^ ^[' =3^ 

gt^ sCTw-^-q^n^ I ^ ^ <3:^ 

-5?5pfi5i gq, ^ ^' 1 -^ ^‘5i?r <3^ 

'w: 51^ % ^ ^ ^ jw ^ 

l^^n I , sr^f^ 

^ fi^ ^ ^ sofr f ?m it, ^ 

^ ^ qT^ ^ e. 

f:f-^;^gfrpf tpit f% § 5 ^ ^ ^srt 





^'t ^ 55KOT 

.(‘f^^jgr «Fi ) ^9ffR> ^ 

<5w5c \^ ^ ^ 

PT^ f% ^ '?fTWR?JJ ^ ^ ^ icar|^' 

^ srtl-^ ?iTc5?i a^: ^ ^ 

^V 51^ ^ % ^wzi femfi^if ^ 

ommT ^nai | ^ ^ *iK^q- 

ftff? '«F^ % aiRT^r I «Rk:, sm?:’ 

^r qt^r-qw % f«qif^R ^ sjr: ^trar ^ 
q^' I ’sranr-^q gffe^ qjc 
q^aJf q;^ faqj^ I Ct, w ^qgq^q ^ qin^' 

qr^r ^ anwM ?nTR #3^1 q?: ^ #q q??^- 

q|tTip?q5^ ^ j 

® ^ ( Lyel ) ^ * 5JiWlTCr ^ 

%5;tr’ ( Piinciples' of Geology ) STW^ qq ^ 

Rir^ ScqncT-^Fq^vft ^fq=3T?^ SJ^’a? Sifr 

qrl^q % fiq qr qga^ srorar qt — q? q^ sfqR ^ ^ 

•iwtq^l i 



^ f^rm ^ WK «TI^ ^'T^sR 
^ ^ % 5PTO, ?T?I ^ ^ WRT ’ wm I 

??!^ =?Tf^ ^ 5 f I I «R5i ^ 

" ^?R % #T ^5F^r *r 

;t?t^ ^’ET^Ct 

^3?m ^ sn^ ^ ^ 5RRf^ sfi^ 

?»! || ^1 1 ’Rq^ ^ % snier^ 

lOT ^ M; ’^, 37igtn:q, f^iH^'? qt ^mi 
f^TH ?RT «IT ! ' , ' 

€Tf^ ^Cr'f^RfRT 

^ w ^ Tkm, {^mvm |i ^ ^ 

^ l—^mrt, f%OT sniiTt ^ ^ wt^- 

^ gt^ ir 'STO r*;5f ^T> ^33^ smK 

% SIFIJT ^ 3THHrcT^ gtgt I ? 

^ ![HT^ ^ISTT I 

«F?r ^ q?F «nTR^ ^ g5r ’PT q^ =^ 





W I w ^ ^ ^ ^r 

f^'t g| ^ ^ 9^qT3cerT»n» 

1 ^ I % 5 fr 5 ^ ^ 

^ ?imH'^«r5nf^ 
jRiT^cr ( ^i?r ) q^f ^ «ifnf^?r m fjmig^nt 
^"■M I ‘ ^ sr?^ ^ ^ ' R : 

^ :xk «i3qT?r B t ^ ^ste % ^im* 

%5T5r : ^ . « % «i5qm % 

ife 1 1 ^Iq?: ^ sttuct p i gw 

«Ts^ sngit ^ ggwpgwf q^: «0 ??r fesRi ^ gmi, 

I t^q^c ^ ^q 

snfqjgr ^ ^ "q^ ^ 

q^ ffe ^ «pq ^gV | ^ fgigw I % wt 

wgj'R ( ^ ) qq> saww ^ WRRW »nqqTj 
qrw r?p.^t^,^ !5i5r^ ^ 
sqf-^ 3Ewq #RTr ^imr gqf-^, ^ qq ^rniw ^ 
^ gniur i ^ ?WE<r qrRnwf 

% qt«T ^ g 5(t’TT gq, ^qgr-^qqgt ^- 
^ snfk % f^, gqq gnq?r 
ww ^sTFPft; qjef-^g^ w:^,sr5r fJT5r srFmr ^ 


t 



-$i[^ ( ^ ^ ^K ^ 

’•i^ ^RR ^ *^5 ^ fWr vft ;snf^ % 

^ ^-’371^ ^ ’R, ‘ ^ ^ ^ 

<|n — ^«l1il, ^RJJC «I5T R I^tH ^ ? 

isr^, ^ ^ 'm^TT 5 } I f^ ^ ^ 

^ triPH ^ <pv|t ^ 1 ir, 

ntfT-^rg^r ^ ^ im rt t j ^ 

<«PtTO, 1(^1 gt ^'ll ^ gt ^ 

siTO % ^ snn^gsiqn^ f 1 ^ 

qiT ^5RH ^ qr, '^rsT ^ 

T« srt ^iw, ^ Wfm 

^m; ^ ??T qqR •q^ R^q ^ %qgr ^ 

■«qf^ feqi qr?^ g> m ^gl> %?p?: 
lO d ’sn^ ’ ^ qqnt ^ RfT*5r^<t m Rqq ^ 
sqf^qr q ^ %q5r 5 p?r gq 5PTr-B»q?T fw 

^ firsRt ^*p^ q^, qrqjt ?iq ?T?: I 

5?^% m ^ ^ •sngsff^qj^ % ^- 

?fK, ^ f^rte Tjn fqR ^ ^q qf^wj q w: 

qtl^ fpq ^ ^ q^, ^srt ?f ^ 
‘5RT q?TO i&jft q^ q^i^ft^q^ s) i 



^caK qifHf sn^ vm ^ 

im ^ ^no^, w 

:3Tt ^tnr, ^ ^ T^to ^ 
qRfl«if^,^ Sefa^ f^ra^'% 
‘*<g«R ^ ^ni I -'^^rf^ ^ 

^ ^ 1 1 ^ R^ 

fsm 1^ m, 

fkm', ^K ^ff f%^'«PT TO5 ^ 

^ ^ Rra^, =RfT-’5KTO ('«^ ) ^ f^Rim 

rtr-rW '5t^P=?i-=Rhrar snftjnft % ^ < 

WIcTt'^ R^raiRT V . > ' ' . '\ ^ 

3;ri: ^if^ ^ RR 33J ^ f\^?r R)^Fn »iRl> 

t; f^m3:%m‘ 

I I ^Rlf^, ^ ^ ^RT, ^-^IMCII!: 

^ 5EF^ ft I 

T^ 5RT ^^RHan^ Rii idto % R^nc 

^«Ftr w ?iRR Rt5iRi5ii RRi 1 1 Rf t fl*: 

"bh; %c\^ t® ^ ^ ^ ^ ‘3!TlgRr ^ 



^Jif % 5n=#? ^T^if^nnRt ^ % ^nw— ^ 

w( ^ ^ *KT m 1 W3 # 

«s 

fNK-lfe't ^ ^ '5p^ ^ ^^m ^- 

^ qK ^f^ci ^ Pf ^IMcT ’T?: ^ 

pR«^;^I 5i|gp[T ^ SiT I 

^ ^ ^qRipi ^ fl qi; JJIPC ^3^ 

% Prt^ ^?: 5!^ ^f ^ncl^ 

/ 

^RpRH PrSTJf^, ’A?; ^•r4^ ^ f^ 

^ Pr^ 11^ ^ I ?qk s ^R^is?r % SRI' 

Pn^m^TS ^ ^r srtr f^^i f% <!R?% 

^Ty[-q4^ ^ PT^EF^r .%Tgws ■ ^ jr^ §rt| 

q^ II ^ arpqr ^ ?n^jRr 

•s 

Tf ^ ^ ^^[5R ^ TI^ PF 

^Fq-Png" ^ TTRTT ^snT( vRfT t] I *’“ ■ » • ' * ' 





fkmr' % 

. , ' 'i , 

B f%^reqT?% 

- ^ $ fiRR ^ ^ ^ ‘ Ct 

t f% % («rNi^) ^ 3?TT5^^ ^ teRT 

W ^ IFH 4 1% - -^JE^R ^ ^ 

^ ^ w TOT ^T I snf^iRiRr ^ 

% > 

^ mif f:fent=^ ^^1, ^ teiRr 

% SRT ^ ^ 5^25pIT ^ ^?7gi % 

^ t ^ ^ ^r^’J55 

^«ir ^ ^ ^'R 1 1 g^nTti ^ 

=^<5 



% smm 


^ ^ ^ far^Ri ^ 

*3^% ^ ^ . ^'t 7 

^ «rfc-^ ^ *=»% ^ ^ 

I » 

' ^ ^ ^ ^-m ^ ’^?r ^<3 ^ I f%.5ngr-^5fe' 

ITlf^iPTf XT# SRFrf^qt 

( ).^ ^'sctrf^ % . ^R X# ?qqf^^T ^ 

t i XT^ ^ ^ ^ ^ ^ ,^5q^^l2T^ 

^ ^ f^rmxn.tor | — «TqH-^|?r^3ir^'t- 

^ ^efr Pf» ^ ^'t. lai^- 

^x^qr qrof ^ s'? p I ] s[^ .|jax& ^^fnrren 
vd^TH I gfk qg^ 5lFq|5I ,\ JORTt?! 

#wqT^?5ig: 

q|Ht I ^nR?!j|s?, .x?^, xT^ ?n xi^ 

«nsf?tt #TR q^ ^ W ^ tt^-^(t 

^ q%T i%qT =5nm I 5r?mi^ x3h % ^qr ^ 
toxit ?ijt fqj ^ ^T dn #ir.| l,?rq $# 

w?qT «iqi3Cm I, s^tt 

^ ^Ct : i q^ qi^ ^ ^p^r #sRr 

.xsT^fiT jRfm ,^'t 



' 5n^fT-^5Rr 


^ 'ST’Tm I ^ 

-‘^'t ^T mj ^‘tC? 1%?^ ^wrf^ 

'‘^ ^?!ft ^ '3??f% tj€j I 

W ^RT ^ ^ ^ ^T I 

■^1^ ^ 5l?T I, g^T??: ^ =!I^ 5IFI, ^ I; 

■-^ ^Efg^iR ^^5rRT> f% 

^ ^nr^ir ^ ^ 

I > • 

» - '5fn4t ^ 'ifeiRt ^ 5 i?k?: 

^ ^ ^ sfeqR ^ 

< «IW'| I ' ^ R?R?U, Jigw ^ ^R. 

'^TSRT «F^r i%«t ^ '351^^ »RR3 TO- 

«IT ^ I I ^R3(^ R ^ ^ gR ki 

r ^ ^^ 'R5 ^ ^ it — ^ 

^ flsrfcl ^ r(r^ ^ %K g} ^rr: 

R? RT-^ RTR I TO 
>RR^ 3;ciTi?n55R't Rf^r^sfr ^ fiFRtRRft^smr 

-RlRf^ ^ RR 5Tt R «n I RT, g^ft.fjTTO' % R3- 
'^K, ^ «I3RR '^R % fsR RRgJ snfW 

Rl^RflRT ^ RRT ^ ^JR^RtT >r: k^ I ^ ^ 



ift Prat tmK ^ 

^ ^ 5im 1^ ^r^i, ^ ^ f^m 

^'tra^R ^T 1 ‘ " 

: siW^'s ^ fii5i-fk5r ^%K % siFQt ^ 

•^qpr % pT?n^ mfen^ r# ^ 

•^TO^fttorll ^ ^^TRT 

:^T? ^ ^ ^ ^ «iR 

P^ft ^iPsTR^ ^ '3n?ft 1 1 
% pRc-f^ ^-^qfgjTf ‘ ^c‘ ^Mt*TOnf^gt ^ m 
■pRirFr^^ ^ 8R sTmt 1 

^ ^ “gif^-pp to JriPggf wrr gg^qto 

^.gglTO 'to.^grw ’Jrrafei^ gi?TOt^ 

^ Piggi ^ m ^ 1 1 ^ 

^ ^ ^ ^ I, g?nip 
gk^ 1 1 tol % to-to snMr 
^ S ^ <3g% ^ i'ggr ^r * ki 

I 5r?BR g«T ^ ii mkm 

“intof If gN' ^ .^'t ^ito d^'to 

^n't I f% ^ 'k d^- 

mgto^rm ^ .PF'^^^isr^siidt 





^ ^ ^ JT^ 

qr’^5c-TO% 

^ 1 ^ 5n W ^ »ft 

«r5J?^CT^; ,=!i5t 5iCr 

giif'^^ir CR «iH ^?mT te-t« ^ ^ ^fpT- 
STcftcI ^<^l^JT 1 S^TR^, 

5B5W |. % ^51 ^ ^ siRft ^ w fsf «n| 

^.'il^,%^'t =!|fff «rRR I' ^ |- 

«j^ 5inm q^, ',»ra1ti,«ic?Rcr gq: 

I ( te ^o " ' , ' r, - , 

f^qqjR 5Fr^ ^ f% qft- 

fjNf^ R 5n^f| «i^€r 

i?Tf^ ^ ^ I, fiRiR ^ ^ 

qte^ qftfesr^ ^ gsiWeiT ^ k fr ^ 

«fH^ ‘5PTRi:>'?fe 
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